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Effects of Treatment at a Medical Resort on the Quality of Life
in Patients with Rheumatoid Arthritis

Wptyw leczenia w szpitalu uzdrowiskowym na jakosc zycia chorych
z reumatoidalnym zapaleniem stawow

DOI: 10.36740/ABAL202002101

Wtodzistaw Kulinski'?, Aleksandra Dryja’

'Collegium Medicum, Jan Kochanowski University, Kielce, Poland
2Department of Rehabilitation, Military Institute of Medicine, Warsaw, Poland

SUMMARY

Introduction: Rheumatoid arthritis (RA) is a chronic inflammatory disease of the connective tissue that damages articular and periarticular
tissue and leads to the development of permanent deformities and disability.

Aim: To assess the quality of life of rheumatoid arthritis patients after treatment at a medical resort.

Material and Methods: The study assessed 30 patients with rheumatoid arthritis treated at a medical hospital in Busko-Zdréj. The study
group consisted of 18 women and 12 men over the age of 50 years. The patients underwent sulphide/hydrogen sulphide baths and physical
therapy procedures. The data collected in the study was statistically analysed using Excel; calculations were performed with the SPSS Statistica
21.0 software. A chi-squared test was used to assess statistical correlations between variables.

Results: After spa hospital treatment, all patients reported reduced pain, improved well-being, reduced duration of morning joint stiffness,
and improved independence; the pain-free walking distance markedly increased. The treatment had a beneficial influence on the quality of
life of study patients.

Conclusions: 1. Rheumatoid arthritis is a difficult clinical and social problem. 2. The balneotherapy and physical therapy used in the study
reduced the duration of morning joint stiffness and pain experienced by the patients. 3. The balneotherapy and physical therapy used in the
study had a positive effect on the ability to ambulate, increasing the pain-free walking distance, and improving the quality of life.

Key words: rheumatoid arthritis, treatment, quality of life

STRESZCZENIE

Wstep: Reumatoidalne zapalenie stawdéw (RZS) jest to przewlekta choroba zapalna tkanki facznej, ktéra prowadzi do niszczenia tkanek sta-
wowych oraz okotostawowych i doprowadza do trwatych deformagji, niepetnosprawnosci oraz kalectwa.

Cel: Ocena jakosci zycia pacjentéw z reumatoidalnym zapaleniem stawéw po leczeniu w szpitalu uzdrowiskowym.

Materiati metody: Badania przeprowadzono wsrdd 30 chorych z reumatoidalnym zapaleniem stawéw leczonych w szpitalu uzdrowiskowym w
Busku Zdroju. Grupe stanowito 18 kobiet i 12 mezczyzn w wieku powyzej 50 roku zycia. Chorzy korzystali z kapieli siarczkowo-siarkowodorowch
oraz zahiegdw fizykalnych. Uzyskane dane poddano opracowaniu statystycznemu w programie Excel, obliczenia wykonano za pomoca pakietu
statystycznego SPSS Statistica 21.0. Do zbadania zaleznosci statystycznej pomiedzy analizowanymi cechami uzyto testu chi-kwadrat.
Wyniki: U wszystkich chorych po leczeniu uzdrowiskowym uzyskano zmniejszenie dolegliwosci bolowych, poprawe samopoczucia, zmniejsze-
nie czasu trwania sztywnosci porannej i zwiekszenie samodzielnosci. Dystans bezb6lowy marszu po leczeniu znaczaco sie zwiekszyt. Leczenie
wptyneto korzystnie na jakos¢ zycia chorych.

Whioski: 1. Reumatoidalne zapalenie staw6w jest trudnym problemem klinicznym i spotecznym. 2. Zastosowane leczenie balneofizykalne
zmniejszyto zas utrzymywania sie sztywnosci porannej oraz dolegliwosci bélowych. 3. Postepowanie balneofizykalne wptyneto pozytywnie
na mozliwosci lokomocyjne chorych powodujac zwigkszenie bezbélowego dystansu marszu oraz poprawe jakosci zycia chorych.

Stowa kluczowe: reumatoidalne zapalenie stawéw, leczenie, jakos¢ zycia

Acta Balneol, TOM LXII, Nr 2(160);2020:77-81
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory
disease of the connective tissue that damages articular and
periarticular tissue and leads to the development of permanent
deformities and disability. Its causes are unknown, but may
include hereditary factors, immune system defects, gender
(women are three times more likely to be affected than men),
infections, and stress. RA is incurable, results in physical
disability, and contributes to permanent emotional sequelae
for the patient [1-5].

Assessments of the quality of life of RA patients focus
on the emotional and social aspects. The most common
emotional problems include symptoms of depression, anxiety
disorders, increased emotional tension, low mood, and sleep
disorders [6-18].

The chronic character of RA, including the associated
disability and progressive deformities, often makes patients
unable to accept their situation and forces them to depend
on others. This results in limitations of social, physical, and
mental functioning.

Typical symptoms of RA include pain, stiffness, and
symmetrical swelling of the joints in the hands and feet.
Joint pain in RA results in irritability, exhaustion, restlessness,
and causes patients to focus on their symptoms; patients may
withdraw from social life as they feel helpless, powerless, and
unable to control their lives [5-10].

The notion of quality of life encompasses three interconnected
elements:

 mental factors, i.e. depression, restlessness, well-being,
o physical parameters, i.e. pain and disability,
« social factors, i.e. being able to fulfil social roles.

Pharmacotherapy in RA patients includes mainly disease-
modifying drugs and biologicals.

Treatment of RA patients is based on balneotherapy and
physical therapy.

The treatment is aimed at reducing and eliminating pain,
strengthening weakened and atrophic muscles, reducing existing
contractures, increasing ranges of motion, and preventing
permanent joint stiffness [19, 20].

A reduced quality of life is the main issue for RA patients
and their families; its improvement is one of the priorities
of RA treatment.

AIM

The aim of the study was to assess the quality of life
of rheumatoid arthritis patients after treatment at a resort
hospital.

Was there a change from baseline in pain levels after
treatment, and what was the degree of this change?

Did rehabilitation have an effect on morning joint stiffness
and the ability to ambulate?

Did the treatment have a beneficial influence on the
quality of life?

MATERIAL AND METHODS

The study was conducted in 2018 at the “Zbyszko” medical
hospital in Busko-Zdrdéj. The study group consisted of 30

78

patients, including 18 women and 12 men. All patients
were diagnosed with RA (period III and IV). The patients
underwent sulphide/hydrogen sulphide baths and physical
therapy procedures, i.e. cryotherapy, low-frequency currents,
laser therapy, and kinesiotherapy. The data collected in the
study was systematically entered into a specially designed
database in Excel. All calculations were performed with the
SPSS Statistica 21.0 software. Participation in the study was
anonymous and voluntary and the results were subject to
descriptive, graphical, and statistical analyses. A chi-squared
test and the Wilcoxon test were used to assess statistical
correlations between variables.

The largest age group consisted of patients under 60 years
of age (Figure 1).

4500
400
3%
30,0%
1500
200
150
10,0%

0%

0.0%

upto 50 years

up to 60 years over 60 years

Figure 1. Age of study patients
Rycina 1. Wiek badanych pacientow

The vast majority of study patients lived in urban areas
(Table 1).

Table 1. Place of residence
Tabela 1. Miejsce zamieszkania

Place of residence Number %
Village 9 30.0%
Urban area 21 70.0%
Total 30 100.0%

Half the patients described their health as mediocre
(50%); only four patients reported poor health (13.3%).
The majority of patients (53.3%) believed that their health
did not affect the way they spent their free time. According
to study patients, the feeling of being needed is the most
important factor influencing the quality of life. Only four
patients (13.3%) used aids.

Relationships with family members remained unchanged
or improved in the majority of study patients (Table 2).

Table 2. Family relationships
Tabela 2. Relacje rodzinne

Did the relationship
with your closest relatives Number %
change after diagnosis?
Improved 10 33.3%
Remained unchanged 17 56.7%
Markedly worsened 3 10.0%
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Morning joint stiffness before treatment usually persisted
for 2 to 3 hours. After treatment, the vast majority of study
patients reported that the duration of morning joint stiffness
was approximately 1 hour (Table 3).

Table 3. Duration of morning joint stiffness before and after treatment
Tabela 3. (zas trwania sztywnosci porannej stawu przed i po leczeniu

What is/was the duration Before treatment  After treatment

of morning joint stiffness? Number % Number %
Approx. Th 4 13.3% 19 63.3%
Approx.2h M 36.7% 9 30.0%
Approx. 3 h N 36.7% 2 6.7%
4hand more 4 13.3% 0 0%
Total 30 100.0% 30 100.0%

Before treatment, study patients usually reported a pain-
free walking distance of 1 to 3 metres; after treatment, the
vast majority of study patients were able to walk at least
4 metres without pain (Table 4).

Table 4. Pain-free walking distance before and after treatment
Tabela 4. Odlegtos¢ chodzenia bez bdlu przed i po leczeniu

What is/was the pain- _ Before treatment  After treatment
-free walking distance? Number % Number %
Approx. Tm N 36.7% 2 6.7%
Approx. 3 m 16 53.3% 10 33.3%
More than 4 m 3 10.0% 18 60.0%
Total 30 100.0% 30 100.0%

Table 6. Results of the Shapiro-Wilk test
Tabela 6. Wyniki testu Shapiro-Wilka

As a result of the treatment, the vast majority of study
patients reported an improvement in their self-assessed
health (Table 5).

Table 5. Self-assessed physical ability
Tabela 5. Samoocena sprawnosci fizycznej

Change in self-assessed physical

ability (due to treatment) Number %
Worsened 6 20.7%
Unchanged 7 21%
Improved 16 55 2%
Total 29 100.0%

ANALYSIS OF THE HYPOTHESES

The therapy conducted in the study resulted in a significant
pain reduction, a shorter duration of morning joint stiffness,
and an improved ability to ambulate.

The significance level was set at p=0.05. The Shapiro-Wilk
test was used to determine the distribution of the variables,
followed by the Wilcoxon test (Table 6 and 7).

PAIN

Before treatment, half the patients reported pain rated
as >5 points (Me = 5); after the procedures, half the patients
reported pain rated as <3 points (Me = 3).

MORNING JOINT STIFFNESS

There were 24 cases with lower results (24 negative ranks),
meaning that 24 patients reported a shorter duration of morning
joint stiffness after treatment.

N V4 P
Negative ranks 22
Pain after treatment in a VAS scale Positive ranks 0 4155 <0.001
— Pain before treatment in a VAS scale : ) ’
Ties 8
Total 30
. . ) Negative ranks 24 -4.170 <0.001
What is the duration of morning
joint stiffness after treatment? Positive ranks 2
—What was the duration .
of morning joint stiffness Ties 4
before treatment?
Total 30
Negative ranks 0 -4.179 <0.001
What is the pain-free walking "
distance after treatment? Positive ranks 20
—.What was the pain-free walking Ties 10
distance before treatment?
Total 30

N — number; Z — statistic; p — statistical significance
All these changes were significant (p<0.05).
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Table 7. Detailed results of the Shapiro-Wilk test
Tabela 7. Szczegdtowe wyniki testu Shapiro-Wilka

M D Min Max Q25 Me Q75
Pain before treatment in a VAS scale 5.67 2.22 2.0 10.0 4.0 5.0 73
What was the duration of morning joint stiffness
before treatment? 2.50 0.90 1.0 4.0 2.0 25 3.0
What was the pain-free walking distance
before treatment? 1.73 0.64 1.0 3.0 1.0 20 20
Pain after treatment in a VAS scale 3.43 1.45 2.0 7.0 2.0 3.0 4.0
What is the duration of morning joint stiffness
after treatment? 143 0.63 1.0 3.0 1.0 1.0 20
What is the pain-free walking distance after treatment? 2.53 0.63 1.0 3.0 2.0 3.0 3.0

M —mean; SD — standard deviation; Min — minimum value; Max — maximum value; Me — median; Q25 — first quartile; Q75 — third quartile; p — significance

CHANGE WITH RESPECT TO AMBULATION

Before treatment, half the patients were able to walk 3
metres or less without pain; after treatment, half the patients
were able to easily walk the distance of more than 4 metres
without pain. All the changes were statistically significant
(p<0.05).

Results of the Wilcoxon test for the walking distance
before and after treatment (Figure 2).

104 —
Y T
‘What was the paim free walling ‘What i the pain free walking

distance bedore treatment ? distance after treatment?

Figure 2. Wilcoxon test change results for walking distance before and after
treatment

Rycina 2. Wyniki zmiany testu Wilcoxona dla odlegtosci marszu przed i po zabiegu

Hypothesis: There is a correlation between changes in
self-assessed outcomes and being satisfied with one’s quality
of life

A new variable was used for the analysis; the variable was
developed based on the difference between the answers to
the following questions: How would you rate your physical
ability before treatment? and How would you rate your physical
ability after treatment?

The analysis was to verify whether a statistically significant
correlation existed between the following two variables: Are
you satisfied with your quality of life? and Change (due to the
treatment) in self-assessed physical ability.

In order to assess this, Fisher’s test was performed (low
expected numbers) (Figure 3).

80

Are you satisfied with your quality of life? *
Change (due to the treatment) in self-assessed physical ability

66.7%

worse self-

90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

81.3%
71.4%

3%
s 28.6%
18.8%
d ability unchanged self

d ability improved self-assessed ability
no, I am not satisfied

w yes, I am satisfied
Figure 3. Results of Fisher’s test/Are you satisfied with your quality of life after treat-
ment at a medical hospital?
Rycina 3. Wyniki testu Fishera/Czy jestes zadowolony ze swojej jakosci Zycia po leczeniu
w szpitalu uzdrowiskowym

DISCUSSION

Rheumatoid arthritis (RA) is a progressive inflammatory
process affecting the connective tissue, resulting in impaired
joint function, joint deformities, progressive disability, and
premature death. The highest incidence of RA is reported
in the 4th and 5th decade of life [1-5].

A gradually increasing musculoskeletal system
impairment is the main typical feature of RA. It is strongly
associated with a limited ability to work and with continued
rehabilitation and forced adaptation of the patient to the
society. RA is a chronic disorder causing many negative
emotions and feelings, which translates into a reduced
quality of life [6-11].

RA isan incurable condition that results in physical disability
and contributes to permanent emotional sequelae.

The study assessed thirty patients (18 women and 12 men)
aged 50 to 78 years and diagnosed with rheumatoid arthritis
(period IIT and IV). Study patients underwent treatment at
a medical hospital in Busko-Zdrdj; the treatment consisted
of balneotherapy (sulphide/hydrogen sulphide baths) and
physical therapy procedures.

After treatment, all patients showed an outstanding pain
reduction, shorter duration of morning joint stiffness, and
an increased pain-free walking distance.



Effects of Treatment at a Medical Resort on the Quality of Life in Patients with Rheumatoid Arthritis

Before treatment, a large part of the study group (73.3%)
described their physical activity as average; after treatment,
56.7% described it as good.

A comparison of the quality of life before the onset of RA
and after RA diagnosis revealed that the vast majority of study
patients experienced a decrease in their quality of life.

According to the study conducted by Szafraniec R et al.
[16], a long duration of RA has a negative effect on disease
tolerance, with younger patients with a higher level of education
finding it easier to adapt to the functional limitations. Gender
and place of residence were not important when it came to
accepting the disease.

The results of this study confirmed the efficacy of
balneotherapy and physical therapy in RA patients and proved
that spa hospital treatment had a beneficial effect on their
health and quality of life.

CONCLUSIONS

1. Rheumatoid arthritis is a difficult clinical and social problem.

2. The balneotherapy and physical therapy used in the study
reduced the duration of morning joint stiffness and pain
experienced by the patients.

The balneotherapy and physical therapy used in the
study had a positive effect on the ability to ambulate as they
increased the pain-free walking distance and improved the
self-assessed outcomes.
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SUMMARY

Introduction: Humans have always experienced pain. Pain is defined as an unpleasant sensory and emotional experience which affects
the quality of life and disturbs individuals’ day-to-day functioning. The instruments of measuring pain that are available nowadays include
numeric, visual, analogue visual methods as well as the algometry-based method. Proper pain treatment plans and techniques can only be
administered if accurate and correct diagnosis and measurements of pain are made.

Material and Methods: There were 240 low back pain patients involved in the study. They were divided into two groups: 120 of them were
treated on an outpatient basis, and the other 120 underwent health resort treatment. Pain measurements were made prior to and after the
treatment with the use of the VAS and algometry.

Results: In the study we found that the condition of the patients who received health resort treatment got much better compared to the
condition of the patients who received outpatient treatment. As far the use of the measuring instruments is concerned, no differences were
found between the VAS and algometry. There is no statistically significant correlation between the VAS measurements and measuring pain
thresholds with the use of algometry.

Key words: VAS, algometer, pain

STRESZCZENIE

Wstep: Bol towarzyszy cztowiekowi od zarania dziejow. Okreslany jako nieprzyjemne doznanie czuciowe i emocjonalne, znaczaco wptywa na
jakos¢ zycia i zaburza podstawowe funkcjonowanie jednostki. Obecnie dostepne s réznorodne metody pomiaru bélu, z ktérych najogdlniej
mozna wyrdzni¢ metody numeryczne, wzrokowe, analogowo-wzrokowe czy metode wykorzystujacg algometrie. Tylko wtasciwa diagnoza
i wykonywanie doktadnych pomiaréw pozwala podjac odpowiednie dziatania i kroki celem leczenia dolegliwosci bélowych.

Materiat i metody: W badaniach wtasnych wzieto udziat 240 pacjentéw z bélami dolnego odcinka kregostupa. Pacjenci zostali podzieleni
na dwie réwne grupy: 120 0s6b byto leczonych ambulatoryjnie, a drugie 120 — sanatoryjnie. Dokonano pomiaru odczuwanego bélu przed
i po leczeniu z uzyciem skali VAS i algometru.

Wyniki: Badania wiasne ukazaty, ze pacjenci leczeni w uzdrowisku, uzyskali wigksza poprawe stanu zdrowia w poréwnaniu do grupy pa-
¢jentow leczonych ambulatoryjnie. Nie wykazano réznic w pomiarach z wykorzystaniem skali VAS i algometru. Nie ma istotnych statystycznie
zaleznosci miedzy pomiarami skala VAS i ocen progu bélu z uzyciem algometru.

Stowa kluczowe: skala VAS, algometr, bél

Acta Balneol, TOM LXII, Nr 2(160);2020:82-85

INTRODUCTION but also an individual’s subjective psychological experience.

Pain is identified as an unpleasant sensory as well as emotional ~ Pain is considered to be one of the most frequent symptoms
experience that is associated with real or potential damage  of different diseases and conditions. Pain is the symptom
of tissue, or it is just described in terms of such damage [1].  that health care providers (including physiotherapists) most
According to the definition, pain is not only a somatic symptom  often face in their medical practice [2, 3]. An acute pain is an
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important signal the human body sends - its major function
is to warn us against experiences that can harm the body and
to protect us from potentially further damage and from the
development of changes occurring due to pathologic state
[4]. It is worth mentioning that the process involving the
perception, transmitting and processing of painful stimuli
is called nociception - it protects the human body against
factors that pose a potential hazard to tissue. [5].

Pains, which occur in different parts of the body at different
times of an individual’s life, are an important factor that
disturbs regular functioning of the body. It is vital to carry out
tests and make measurements to properly assess the intensity
of pain in individuals, the aim of which is to give a correct
diagnosis and make it possible to come up with a patient’s
proper and effective treatment plan and most effective ways
of coping with pain [6].

The choice of pain measurement method depends on
its characteristics, including reliability, accuracy, clinical
usefulness and feasibility. In order to accurately assess the
pain level reported by a patient it is necessary, while choosing
a measurement method, to consider the nature of the pain
reported by the patient, the location of the pain, the way
it affects the patient’s day-to-day performance, how often
the pain occurs and how the pain intensity changes, etc.
Researchers state there are three main methods used for
assessing pain:

o self-report pain scales (e.g. CAS or NRS),

« observation method,

» method based on measuring the changes of physiological
factors [7-9].

Most of them can be used in the case of both acute and
chronic pain [10].

One of the most popular methods of pain assessment
is the VAS (Visual Analog Scale); the VAS measures are
considered by specialist to be of low reliability due to the
fact that patients’ assessment of pain is highly subjective and
that they have some difficulties interpreting the scale [11].
Another method used for pain assessment is pressure pain
threshold measurement — PPT (pressure pain threshold),
which is to be understood as the minimum force applied on
tissue that causes pain [12]. The use of an algometer in an
examination that makes it possible to (in most researchers’
opinion) obtain much more objective pain assessment and
pain control (especially in patients with musculoskeletal
pains) [13].

When the VAS is used, a patient is asked to mark the
intensity of pain they feel on a line of 10 cm, showing scores
from 0 to 10. On the scale, 0 means “no pain” and 10 means
“the most extreme pain” (according to the individuals being
examined).

A Fischer algometer is a simple instrument used for
measuring pressure threshold for pain [16, 17], which is
defined as the minimum force inducing pain in an individual.
The pressure is measured in kilograms per 1cm? of the body.
Algometry measures are considered to be a valid and highly
reliable way of rating the intensity of pain, thanks to which the
investigator is able to accurately assess an individual’s health

condition [18, 19]. What is often emphasized (Chesterton),
however, is that the most valid and reliable are examinations
based on at least three measurements [20]. Research also
shows that the pressure pain threshold scores are lower in
the case of inactive (or latent) trigger points (compared with
the scores obtained for tissue showing no dysfunction). It is
also significant that the threshold is statistically lower than in
the case of active trigger points measurements (compared to
the above mentioned inactive trigger points [21, 22].

MATERIAL AND METHODS

Two hundred and forty patients (both women and men)
aged 18 to 80 participated in the study. They were divided
into two groups - the outpatient group and the health resort
group (either of 120 patients). The patients were treated for
lower back pains; the first group of them were rehabilitated
on an outpatient basis while the other group were patients
who received health resort rehabilitation. Pain was assessed
in all the patients with the use of a Fischer algometer and
the VAS, both before and after treatment.

Only individuals suffering from lower back pain were
eligible. All the patients who participated in the study were
previously examined and having been diagnosed with
the above mentioned condition, they were all referred to
rehabilitation. Those who did not qualify included patients
diagnosed with:

« cancer,

«» skin disease,

« acute and chronic infectious diseases,
high grade urinary retention,
frequent epileptic seizures,

« advanced cardiovascular system disease.

As mentioned above, pain levels were measured with the
use of an algometer and the VAS (included in the researchers’
original questionnaire).

RESULTS

The aim of the study was to obtain mean pain levels in the two
groups of patients: those who were rehabilitated on an outpatient
basis and those who received health resort rehabilitation,
both before and after treatment. The measurements were
made with the VAS and an algometer.

The analysis of the results showed that, in the case of VAS,
the mean level of pain before treatment in the outpatient group
was 7.25 (SD 1.7); in the health resort group, the mean level
of pain before treatment was 8.1 (SD 1.31). After outpatient
therapy, the mean level of pain was 3.12 (SD 1.13); after
health resort therapy - 2.71 (SD 1.00). The results, however,
proved to be statistically irrelevant (p>0.05). Pain threshold
assessed with an algometer was 5.2 before treatment and after
treatment, it rose to 5.9. As for the assessment of pain with VAS,
in the health resort group the mean was 8.1 (SD 1.3) before
treatment and 2.71 (SD 1.0) after treatment (Table 1).

It is clear that the results obtained in both assessment
methods showed improvement of the patients’ health condition,
both in the outpatient group and the health resort group. It
needs to be emphasised, however, that the VAS reliability is
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Table 1. Comparison of pain levels before and after treatment in outpatient and health resort patients
Tabela 1. Pordwnanie bdlu odczuwanego przed i po zabiegach wsrdd pacjentdw leczonych ambulatoryjnie i sanatoryjnie

Mean Pain Level VAS (SD)

Mean Pain Level (Algometer) (SD)

G
. Before Treatment After Treatment Before Treatment
Outpatient 7.25(1.1) 3.12(1.) 5.2(0.2)
Health Resort 8.1(1.3) 2.71(1.0) 5.2(0.3)
unsatisfactory due to the patients’ subjective pain experience 5. Kubasik W, Humpa F, Pawlak D. Algometria jako ocena uciskowego progu

and their different interpretations of the points on the scale. As
an electric devise, an algometer can measure pain thresholds
in individuals more accurately.

Additionally, no correlation was shown between the
measurements performed with the use of the two methods.
Similar results were obtained by i.a. Goddard, Karibe and
McNeill [23].

DISCUSSION

In the current study, we found that both the VAS and
measuring pain thresholds with the use of algometry are reliable
ways of assessing patients’ pain experience [24, 25].

In most researchers’ opinion, it is algometry that is more
accurate. This method, however, has some drawbacks: researchers
point out that women tend to have significantly higher pain
threshold [24, 25].

However, the comparison of the results that were obtained
in our study shows that it is also valid to use the VAS in
research due to the fact that it is a reliable method of assessing
patients pain experience. On the basis of both the VAS and the
algometer results, we found that a bigger difference in pain
was experienced by the health resort patients: on average, they
assessed that the difference in pain level was bigger both before
and after treatment; also, they noticed a bigger difference in
pain threshold before and after the therapy [26].

CONCLUSIONS

This study let us draw the following conclusions:

Compared to the condition of the patients treated on an
outpatient basis, the condition of those who were given health
resort treatment got much better as far as pain experience is
concerned, measured with both the VAS and algometry.

There are no substantial differences between the two
measurement methods, the VAS and algometry.

There is no statistically valid correlation between the
pain scores obtained with the VAS and the assessment of
pain threshold with an algometer.
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SUMMARY

Introduction: The progressing aging process and comorbidities worsen the efficiency of the balance system in the elderly, which leads to
a weakening of stability and, as a consequence, to falls and injuries. The first ones lead to: worsening of functioning, reduced mobility, an
increased risk of disease and mortality, therefore systematic physical activity and shaping the balance using physiotherapy, which can prevent
dangerous falls is very important.

Aim: Assessment of the therapeutic effect of physiotherapy on minimizing imbalances in geriatric patients.

Material and Methods: The study group consisted of 46 people, including 32 women (69.6%) and 14 men (30.4%); average age of
respondents — 72.5 years. They were patients of the Department of Rehabilitation of Poddebice Health Center, Ltd. The researchers used a
self-made questionnaire, body mass to height index (BMI) and the Tinetti Test.

Results: Patients with an elevated BMI (89.1%), as well as those taking more than 4 medication (78.3%), have had more falls over the past
year (respectively 91.4% and 81.4%). After the use of comprehensive therapy, none of the patients achieved a worse result than before the
physiotherapy while 91.3% of the respondents had an increase in the number of points scored in the Tinetti Test. The percentage of patients
at high risk of falling reduced from 67.4% to 37%. There was also a decrease in the fear of walking (in 58.7%), falling (in 57.7%) and climbing
stairs (in 47.9%). According to 78.3% of respondents, physiotherapy positively affected their independence and quality of life.
Condlusions: The use of comprehensive physiotherapy reduces the fear of walking, climbing stairs and falling, which can be a good predictor
of prevention. Both polypragmasia and an elevated body mass index (BMI) increase the risk of falling. Comprehensive physiotherapy of geriatric
patients helps to improve balance and gait stereotype. Physiotherapy for the elderly helps improve the quality of life, independence, minimize
imbalances, and thus reduce the risk of falls. Balance exercises play an important role in preventing falls.

Key words: physiotherapy, balance disorders, geriatrics.

STRESZCZENIE

Wstep: Postepujacy proces starzenia oraz choroby wspétistniejace pogarszaja sprawnosc systemu rdwnowagi u 0s6b w wieku podesztym, co
prowadzi do ostabienia stabilnosci, a w konsekwencji do upadkéw i urazéw. Te pierwsze prowadza do pogorszenia funkcjonowania, zmniej-
szenia mobilnosci, zwigkszenia chorobowosci i $miertelnosci, stad bardzo wazna jest systematyczna aktywnos¢ fizyczna oraz ksztattowanie
réwnowagi ciata poprzez odpowiednig fizjoterapie, ktéra moze zapobiec niebezpiecznym upadkom.

Cel: Ocena wptywu terapeutycznego fizjoterapii na zminimalizowanie zaburzer réwnowagi u pacjentow geriatrycznych.

Materiat i metody: Grupe badana stanowito 46 0s6b, w tym 32 kobiety (69,6%) i 14 mezczyzn (30,4%); Srednia wieku badanych — 72,5 lat.
Byli to pacjenci Oddziatu Rehabilitacji Poddebickiego Centrum Zdrowia Sp. z 0.0. W badaniach wykorzystano ankiete wfasnego autorstwa,
oznaczenie wskaznika masy ciata do wzrostu (BMI) oraz Test Tinetti.

Wyniki: U pacjentéw z podwyzszonym wskaznikiem BMI (89,1%), jak i u przyjmujacych wigcej niz 4 leki (78,3%), odnotowano wiecej upadkéw
w ciaqu ostatniego roku (odpowiednio 91,4% i 81,4%). Po zastosowaniu kompleksowej terapii zadna z 0s6b nie osiagneta wyniku gorszego
niz przed fizjoterapia, natomiast u 91,3% badanych nastapit wzrost liczby uzyskanych punktow w Tescie Tinetti. Procent pacjentéw z wysokim
ryzykiem upadku zmniejszyt sie 2 67,4% do 37%. Odnotowano réwniez zmniejszenie leku przed chodzeniem (u 58,7%), upadkiem (u 58,7%)
oraz wchodzeniem po schodach (u 47,9%). Wedtug 78,3% badanych fizjoterapia wptyneta pozytywnie na ich samodzielnos¢ i jakos¢ zycia.
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Whioski: Zastosowanie kompleksowej fizjoterapii wptywa na zmniejszenie leku przed chodzeniem, wchodzeniem po schodach oraz upad-
kiem, co moze by¢ dobrym prognostykiem prewencji. Zaréwno polipragmazja, jak i podwyzszony wskaznik BMI, wptywaja na zwiekszenie
ryzyka upadku. Kompleksowa fizjoterapia pacjentow geriatrycznych przyczynia sie do poprawy rownowagi oraz stereotypu chodu. Fizjoterapia
0s6b w podesztym wieku sprzyja poprawie jakosci zycia, samodzielnosci, zminimalizowaniu zaburzen réwnowagi, a co za tym idzie zmniejsza
ryzyko upadkéw. W profilaktyce upadkéw wazng role odgrywaja ¢wiczenia réwnowazne.

Stowa klucze: fizjoterapia, zaburzenia rownowagi, geriatria

INTRODUCTION

The aging process of the population is global, hence the
knowledge about how it proceeds and what problems geriatric
patients struggle with is necessary for physiotherapy. In the
elderly, deterioration of all motor traits can be observed [1].
A decrease in muscle strength is noticeable along with a decrease
in the range of joint motion, neuromuscular coordination
also deteriorates, flexibility and balance are impaired [2, 3].
With age, gait speed also decreases [1]. As a result of the
lack of integration of the functions of the eye and balance,
proprioreceptors of the musculoskeletal system of the lower
limbs, trunk and cervical spine, the balance system fails [1],
which results in an increased risk of falls. A common
phenomenon is polypathology, which can lead to peripheral
nerves, joints and muscles damage, and its consequence is
taking too many drugs at the same time [1].

Balance disorders involve the loss of control over maintaining
the center of gravity of the body above the support base [4].
The progressing aging process and concomitant diseases
worsen the efficiency of the balance system, which leads to
a weakening of stability and, as a consequence, to falls and
injuries, hence it is important to shape the body balance by
means of balance training used in physiotherapy.

Each time, the rehabilitation program should be selected
individually, and its duration should depend on the patient’s
abilities and body efficiency [5]. Elderly risk factors should
be considered in the elderly patient, including cerebral
blood supply anomalies (senile vascular lesions), labyrinth
disorders, advanced cervical spine degeneration, and additional
diseases.

Physical activity at every stage of human life is equally
important, however, in the case of old age it has a special
meaning, because it significantly affects the quality of life,
satisfaction and condition of man. Its forms must depend on
the individual’s health and their physical fitness [6].

A fall, as defined by the World Health Organization, is
an event that caused a person to accidentally find themselves
on the ground, floor or other low surface [7]. Older people
have the highest risk of death or serious injury resulting from
falling, and this risk increases with age [8]. Among the risk
factors in geriatrics, the World Health Organization lists:
neurological and cardiological diseases, side effects of taking
medications, physical inactivity, reduced mobility, imbalances,
cognitive functions and vision disorders [7].
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In order to avoid future falls, it is important to implement
preventive measures [9, 10]. Education should be widespread,
as well as making geriatric patients aware of the importance
of the problem of falls and their consequences.

AIM

The aim of the study was to assess the therapeutic effect
of physiotherapy on minimizing imbalances in geriatric
patients.

MATERIAL AND METHODS

The study group consisted of 46 people, including 32 women
(69.6%) and 14 men (30.4%); average age of respondents - 72.5
years. They were patients of the Rehabilitation Department
of Poddebice Health Center, Ltd. in Poddebice.

Inclusion criterion: age over 60, verbal and logical contact,
ability to move independently with or without orthopedic
equipment.

Exclusion criteria: the presence of mental disorders, the
occurrence of labyrinth disorders, the patient’s refusal to
continue the examination at any stage.

The study uses research tools in the form of: our own survey,
body mass to height index (BMI) and the Tinetti Test.

The survey consisted of 18 evaluation questions, among
others: the occurrence of chronic diseases, the number of
medications taken, the level of physical activity, the subjective
impact of physiotherapy on balance disorders, patient gait
and independence.

The BMI was calculated on the basis of the height
and weight of the respondents according to the formula
- weight in kilograms divided by height in meters squared
(kg/m?) [11].

The Tinetti test (Performance-Oriented Mobility Assessment
- POMA) [12] is used to assess the balance, gait and risk of
falls in the elderly. The test consists of 16 tasks, including
9 for assessing the balance of various activities and 7 gait
assessors. The assessment is carried out on a scale of 0 to 2,
where 0 was the lowest score and 2 the highest. In the balance
test, the patient can score the maximum of 16 points, in the
gait test 12 (total of 28 points). Getting less than 19 means
a high risk of falling for a person, over 24 points indicates
low or no risk of falling.

The results were recorded before and after the therapy.
The test was performed in the morning and lasted about
15 minutes.
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The study group underwent physiotherapeutic procedures
from Monday to Saturday, with each patient having five treatments
a day. Due to the multiple morbidity and the presence of complex
involution changes, the plan to improve the subjects was selected
individually according to medical indications. The physiotherapy
program used medical procedures both in the field of physical
therapy (laser and low-frequency pulsed magnetic field) and
kinesitherapy, including: balance exercises, active exercises,
pool exercises, individual exercises, and gait coordination.
The procedures were performed mainly on the lower limbs
and the cervical and lumbar spine.

RESULTS

In the study group, as many as 97.8% (45 people) had
chronic diseases, including most often hypertension (30
patients — 65.2%), degenerative diseases (20 patients — 43.5%),
diabetes (8 study participants - 17.4%), ischemic heart disease
(7 people — 15.2%), hypothyroidism (6 subjects — 13%),
arrhythmia (4 patients - 8.7%), hemiparesis (4 study participants
- 8.7%), depression (3 people — 6.5%), atherosclerosis
(3 respondents - 6.5%).

Multiple morbidity was accompanied by drug abuse, as
many as 35 patients (76%) took 4 or more of them. Most
people (34 study participants — 73.9%) declared participation
in various forms of physical activity, including: walking
(13 people - 38.2%), exercises (10 respondents — 29.4%),
cycling (8 patients — 23.5%), nordic walking (3 participants
- 8.8%), cross trainer (3 people - 8.8%). Gym, walking and
tennis were much less popular (1 patient each - 3%).

Among the respondents: 30 (65.2%) reported dizziness, 36 study
participants (78.3%) survived the fall over the past year, including
32(69.6%) injured. Over 50% of people (19) who have experienced
afall reported more than one incident. The most frequent injuries
suffered were: fractures (19 patients — 52.8%), bruises (6 subjects
- 16.7%) and sprains (5 participants — 13.9%).

The analysis of the data showed that the more
physiotherapeutic procedures the patient underwent during
the year, the less often he or she fell.

The research shows that after a series of physiotherapeutic
procedures for a significant group of people — 27 (58.7%)
— the fear of walking and falling decreased, while for 22
(47.9%) - the one of climbing stairs [Figure 1].

According to 36 study participants (78.3%), physiotherapy had
a positive effect on their independence and quality of life.

Only 5 people (10.9%) had normalweight (BMI <25),
overweight occurred in 23 patients (50%), while obesity
criteria (BMI <30) were met by 18 participants (39.1%),
including 12 with class 1 obesity, 4 with class 2 obesity and
2 with class 3 obesity.

DEPENDENCIES OBSERVED IN THE SURVEY AMONG SENIORS

The first dependency was between the amount of medication
taken and the number of falls. The 36 people (78.3%) who
took more than 4 drugs, suffered 57 falls altogether, while in
the group of 10 patients (21.7%) who took less than 4 drugs,
there were 13 falls in the last year [Table 1].

The second one concerned the relationship between the
body mass index (BMI) of the study participants and the
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Figure 1. Assessment of the fear of walking, climbing stairs and falling after
the physiotherapy

Rycina 1. Ocena odczuwanego leku przed chodzeniem, wchodzeniem po schodach,
upadkiem, po zastosowanej fizjoterapii

number of falls they suffered. Overweight and obese people
constituted 89.1% of the study group (41 subjects), there
were 64 falls noted among them [Table 2].

Before the physiotherapy, all patients scored below 28
points in the Tinetti test, of which 1 person (2.2%) had a
low risk of falling (26 points), while 14 (30.4%) obtained a

Table 1. The relationship between the number of falls and the number
of medications taken

Tabela 1. Zaleznos¢ pomiedzy iloécig upadkéw a iloscig przyjmowanych lekéw

Number Number of medications taken
Sum
of falls 4 or more less than 4
0 6 4 10
1 16 1 17
2 10 3 13
3 2 2 4
5 1 1
10 1 1
Sum 36 10 46

Table 2. The relationship between the BMI and the number of falls in the
patients
Tabela 2. Zaleznos¢ pomiedzy wskaznikiem BMI a iloscig upadkéw u badanych

Number of falls

Sum
0 1 2 35 10

H] Normal weight
2 <) 4 1 5
2 .
= overweight (<30) 6 6 8 2 1 23
Z ldassobesity(<35) 3 5 2 2 12
‘2 II class obesity (<40) T 1 1 1 4
§ Il class obesity
T (>40) L. 2
[2=]

Sum 0 17 13 4 1 1 46
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Figure 2. Evaluation of the Tinetti Test results before and after the physiotherapy
Rycina 2. Ocena wynikow Testu Tinetti przed i po zastosowanej fizjoterapii

45 91.3%
40

w
(V]

o

(5]

5,

[}

Number of respondents
= = g N W

o u

Balance Gait Sum

‘ E improvement Ono changes

Figure 3. Assessment of balance, gait and both values together according to goints
scored by the patients in the Tinneti Test after the physiotherapy

Rycina 3. Ocena odczuwanego leku przed chodzeniem, wchodzeniem po schodach,
upadkiem, po zastosowanej fizjoterapii

score of 19 to 24 points, which means that they were prone
to falls. 31 study participants (67.4%) scored below 19 points,
which places them at high risk.

After the physiotherapy had been applied to the geriatric
patients, there was an increase in the number of points obtained.
Seven respondents (15.2%) scored between 25 and 27, which
indicates low or no risk. There were 22 participants (47.8%)
prone to falls (19 — 24 points), 17 people (37%) had a high
risk score (below 19 points) [Figure 2].

It is worth noting that after the physiotherapy none of the
patients achieved a worse result than before, while as many
as 42 subjects (91.3%) reported improvement [Figure 3].

DISCUSSION

Falls are one of many geriatric problems and are the main
cause of trauma in the elderly, and their risk increases with
age [8, 13-16]. Comprehensive physiotherapy has a positive
effect on quality and life expectancy, it also allows seniors to
maintain autonomy and independence, and thus contributes
to reducing imbalances and the risk of falls [1, 17].

The inclusion of physical therapy in the improvement
process contributes to the reduction of pain and inflammation,
which results in normalization of muscle tone [18].

In turn, kinesitherapy should be selected individually
and focus on strengthening the lower limbs through balance
exercises, learning to walk correctly [19]. Kinesitherapy programs
containing balance, strength, endurance and stretching exercises
are the most effective fall prevention [6, 20].

According to Polsenior national surveys [14], every 4th
elderly person experiences a fall during a year, and among
80-year-olds, this problem affects 1 in 3 people. Because of
their injuries, older people often have to be hospitalized,
which unnecessarily generates social costs. The result of
repeated falls is a post-collapse syndrome, which leads to:
reduced motor activity, depression and anxiety caused by the
fear of falling again, resulting in the loss of independence,
reduction of home and social functions, and dependence
on third parties [20].

Our own research shows that up to 78.26% of respondents
survived the fall during the last year, and more than 50% of
them reported more than one such incident.

Unlike studies carried out by Ejsmont et al. [9] on a group
of 120 people aged 60 — 90 from Biatystok, which show that
only 35.83% of the respondents fell.

An even smaller percentage (28.3%) of recorded falls was
reported by Wierzbicka et al. [21] in a study whose aim was
to show to what extent older people are exposed to injuries.
The study was conducted on a group of 60 people aged 60 —
81. It can be presumed that the high physical fitness of the
respondents protected them from falling.

Nitera-Kowalik et al. [22] proved that improving the
balance in seniors is significant in the prevention of falls.
The study covered 32 people, aged 50 - 80, referred to a
21-day rehabilitation stay at the 21st Military Health and
Rehabilitation Hospital in Busko-Zdrdj.

The results of this research have shown that the population
of Poddgbice seniors is becoming more and more active.
Most likely, this is a result of the proximity of Termy Uniejow
(geothermal pools) in Uniejow, where balneology treatments are
very popular, in particular with the use of brine waters.

Most of the respondents (74%) declared participation in
various forms of physical activity, including: walking (38.2%),
exercise (29.4%), cycling (23.5%), nordic walking (8.8%),
cross trainer (8.8%), less popular were gym, walking, tennis
(3% each).

Similarly to the research carried out among the residents
of Biatystok [9], where walks 74.17%, gymnastics 38.33%,
cycling 24.17% were most often indicated. A large number
of seniors were aware of the seriousness of the problem and
the consequences associated with falls, which was manifested
in their use of preventive measures [9].

This research showed that the most common consequences
of falls in the subjects were: 41.3% fractures, 13% bruises,
and 10.7% sprains.

Ejsmont et al. [9] most often reported bruises 30.23%,
fractures 23.26% and muscle soreness 16.28%, while Wierzbicka
etal. [21] observed 42.2% sprains, 21% injured, 21% bruises
and 15.8% fractures.

The society of the elderly suffers from multiple morbidity,
which is associated with the ordination of drugs by various
specialists that can interact with each other and adversely affect
the body [23]. However, properly selected pharmacotherapy
affects the restoration of normal circulation: cerebral, vertebral
arteries, lower limbs, which, in turn, can have a positive effect
on maintaining balance.
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The research at the Rehabilitation Department of Poddebice
Health Centre, Ltd. showed that the use of polypharmacotherapy
increases the risk of falling.

A similar conclusion was reached by Mazur and Pisany-
Syska [16], who assessed the risk factors for falling in 261
patients (age 76.4 £ 7.65) in the Geriatrics Ward of the Upper
Silesian Medical Center in Katowice.

In our own research, 10.9% of patients had a normal BMI,
50% were overweight, and 39.1% were obese. The number
of falls in respective groups was: 6, 38 and 26.

Kilon et al. [24] demonstrated the impact of BMI on the
ability to maintain balance among patients with advanced
osteoarthritis of the hip, which indirectly confirms the results
of this study, where the elevated BMI increased the risk of
falls. It is worth noting that the falls of the elderly are very
dangerous and can even be fatal.

After applying comprehensive physiotherapy, patients
had an increase in the number of points scored in the Tinetti
Test. On this basis, it can be concluded that kinesitherapy
definitely improves gait quality and a sense of balance in
elderly patients.

Similar conclusions were reached by Halat et al. [1] in
studies conducted on 30 randomly selected seniors (average
age 70 years) with balance disorders, staying at the Care and
Therapeutic Center in Legnica. Based on the Tinneti Test, they
observed an increase in the number of points in the study
group, who were subjected to kinesitherapy for 3 months,
and a decrease in physical fitness in the control group, who
did not perform general rehabilitation exercises.

Agnieszka Nitera-Kowalik et al. [25], on the basis of an
analysis of balance tests, including the Tinetti Test, confirmed
that a 3-week balance training reduced the risk of falling in
all 30 elderly people tested (average age 72 + 7.3 years).

A meta-analysis by Lee and Kim [10] shows that kinesitherapy
has a prophylactic effect on the frequency of falls, this effect
was stronger if the exercises were combined with other fall
prevention interventions, then the frequency of falls and
number of people who suffered decreased.

The literature on this subject is still modest, and the idea
for the research arose as a result of our own experience and
the need to collect more data in this area.

The conclusions from this study seem to provide arguments
for the use of an appropriate physiotherapy program aimed
at minimizing imbalances in geriatric patients.

This work does not fully cover the issues raised. However, it
is another observation about a specific group - geriatric patients
with imbalances. Further research with more participants
seems necessary.

CONCLUSIONS

The use of comprehensive physiotherapy reduces the fear
of walking, climbing stairs and falling, which can be a good
predictor of prevention.

Both polypragmasia and an elevated BMI increase the
risk of falling.

Comprehensive physiotherapy of geriatric patients helps
to improve balance and gait stereotype.
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Physiotherapy for the elderly helps improve the quality
oflife, independence, minimize imbalances, and thus reduce
the risk of falls. Balance exercises play an important role in
preventing falls.
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REGENERACJA TKANEK NA POZIOMIE KOMORKOWYM

INDIBA® activ to opatentowana, calkowicie bezpieczna i klinicznie sprawdzona technologia regeneracji tkanek.
To jedyna na $wiecie technologia wykorzystujaca System Proionic®.

Terapia taczy w sobie zalety nowoczesnej fizykoterapii oraz skutecznos¢ wspélczesnej terapii manualnej.
Z powodzeniem jest wykorzystywana w fizjoterapii, regeneracji sportowej, terapii mieé$ni dna miednicy
oraz medycynie estetyczne;j.

Innowacyjna terapia IAT dziala na poziomie komoérkowym. W bardzo szybki sposob przywracajac komorki
do prawidlowego dzialania.
Terapia oparta jest na polaczeniu przeplywu fal radiowych (pradu radiofrekwencyjnego)
o czestotliwo$ci 448 kHz z jednoczesna, odpowiednig terapig manualna.
Zastosowana tutaj czestotliwo$¢ bedaca efektem wieloletnich poszukiwan, okazuje sie by¢ kluczem
do zredukowania do minimum przeciwwskazan, pozwalajac jednoczesnie na stosowanie jej nawet kilka razy w ciggu dnia
oraz aplikacje¢ w praktycznie dowolnym miejscu naszego ciata.

To wlasnie mozliwo$¢ czynnego potaczenia dzialania "Indiby" z terapia manualng czyni t¢ forme fizjoterapii nowatorska
i dajaca praktycznie nieograniczone mozliwosci, pozwalajac uzyska¢ podobne (a niejednokrotnie lepsze)
rezultaty w krétszym czasie i z mniejszym wysitkiem
(w odniesieniu do zastosowania tej samej formy terapii manualnej samodzielnie).

Pomijajac, redukujac lub potegujac réwnolegle dzialanie farmakologiczne mozemy przyspieszy¢ leczenie urazéw,
stanéw pooperacyjnych (wszystkich tkanek) oraz stymulowa¢ przebudowe patologicznych struktur

(zrosty, blizny, tendinopatie, artrozy etc.).

(www.salveo.co)
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Medical Resort Treatment Extended with Modern Feedback Exercises
Using Virtual Reality Improve Postural Control
in Breast Cancer Survivors. Preliminary Study

Leczenie uzdrowiskowe poszerzone o nowoczesne ¢wiczenia oparte
na sprzezeniach zwrotnych wykorzystujacych rzeczywistos¢ wirtualna
w celu poprawy kontroli posturalnej u kobiet po amputacgji piersi

w wyniku raka sutka. Badanie wstepne
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SUMMARY

Introduction: Women with breast cancer have an increasing chance of survival for many years. Multimodal, extremely effective but also aggressive
treatment, often leads to disorders of neuromuscular excitability and physical fitness of the patients. Therefore, when planning the physiotherapy
process of women treated for breast cancer, one should look for the most effective methods of improvement with broad neurostimulatory and
neuromodulatory effects. In recent years, more and more attention has been paid to the possibilities of using virtual reality exercises in therapy.
Aim: The study was to understand the impact of medical resort treatment extended with modern feedback exercises using virtual reality to
improve postural control in breast cancer survivors.

Material and Methods: A clinical, pilot, non-controlled study was conducted at the Solanki Medical Resort in Inowroclaw. 46 women aged
36 to 63 completed the study (mean 51.67 & 6.62 years). The patients participated in spa therapy for 3 weeks. For basic medical treatment,
to improve postural control, physical exercises using feedback based on virtual reality were introduced. Postural control tests performed on
the stabilometric platform were used to assess the progress of therapy.

Results: In the assessment of dynamic postural control, the length of the center of foot pressure (COP) movement path before the treatment
was on average 278.28 cm (= 147.13) and after treatment shortened to 209.60 cm (£ 86.49) which was statistically significant (p = 0.0083).
In the assessment of static postural control, no statistically significant differences were found between the length of the COP pathway before
treatment compared to the condition before treatment (p> 0.05).

Conclusions: Medical treatment enriched with physical exercises using feedback based on virtual reality did not affect static postural control
but contributed to the improvement of dynamic postural control. The results of the study should be confirmed in high-quality therapeutic
experiments, including control groups.

Key words: breast cancer, medical treatment, virtual reality, feedback

STRESZCZENIE

Wstep: Kobiety chorujace na raka piersi z roku na rok majg coraz wigksze szanse na wieloletnie przezycie. Wieloetapowe, niezwykle skuteczne
ale tez agresywne leczenie prowadzi do zaburzen pobudliwos$ci nerwowo-miesniowej i sprawnosci fizycznej pacjentek. Dlatego tez planujac pro-
ces fizjoterapii kobiet leczonych z powodu raka sutka nalezy poszukiwac mozliwie najskuteczniejszych metod usprawniania o szerokim dziataniu
neurostymulujacym i neuromodulujacym. W ostatnich latach coraz wigksza uwage zwraca sie na mozliwosci zastosowania w terapii ¢wiczen
wykorzystujacych wirtualng rzeczywistosc.

Cel: Celem badania byto uzyskanie wiedzy na temat wptywu leczenia uzdrowiskowego obejmujacego ¢wiczenia z wirtualng rzeczywistoscia na
statyczng i dynamiczng kontrole posturalng kobiet po amputadji piersi z powodu raka sutka.
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Materiat i metody: Badanie kliniczne, pilotowe, bez grupy kontrolnej przeprowadzono w Uzdrowisku Solanki w Inowroctawiu. Badanie
ukoriczyto 46 kobiet w wieku od 36 do 63 lata (Srednio 51.67 = 6.62 lat). Pacjentki uczestniczyty przez 3 tygodnie w terapii uzdrowiskowej.
W celu poprawy kontroli posturalnej do podstawowego leczenia uzdrowiskowego, wprowadzono ¢wiczenia fizyczne wykorzystujace sprze-
Zenia zwrotne oparte na wirtualnej rzeczywistosci. Do oceny postepdw terapii wykorzystano testy kontroli posturalnej przeprowadzone na
platformie stabilometrycznej.

Wyniki: W ocenie dynamicznej kontroli posturalnej dtugos¢ Sciezki przemieszczania sie Srodka nacisku stép na podtoze (center of footpressure;
(OP) przed leczeniem wynosita srednio 278,28 cm (+ 147,13) a po leczeniu skrécita sie do 209,60 cm (£ 86,49), co dato réznice znamienng
statystycznie (p=0,0083). W ocenie statycznej kontroli posturalnej nie odnotowano réznic znamiennych statystycznie pomiedzy dugoscia
Sciezki COP przed leczeniem w stosunku do stanu sprzed leczenia (p>0,05).

Whioski: Leczenie uzdrowiskowe wzbogacone o ¢wiczenia fizyczne wykorzystujace sprzezenia zwrotne oparte na wirtualnej rzeczywistosci
nie miato wptywu na statyczna kontrole posturalng ale przyczynito si¢ do poprawy dynamicznej kontroli posturalnej. Wyniki badania powinny

by¢ potwierdzone w wysokiej jakosci eksperymentach leczniczych, obejmujacych grupy kontrolne.

Stowa kluczowe: rak piersi, leczenie uzdrowiskowe, wirtualna rzeczywistos¢, sprzezenie zwrotne, fizjoterapia

INTRODUCTION

Breast cancer is a malignant tumor originating from the
mammary gland epithelium, which develops locally in the
breast and can cause metastases to lymph nodes and internal
organs, e.g. lungs, liver, bone [1]. It is the most common type of
cancer diagnosed among women and the second most common
cause of cancer deaths in women worldwide [2, 3].

Early diagnosis of breast cancer and increasingly effective (but
aggressive) treatment used in women's survival leads equally to
various complications depending on the implemented treatment
(radiotherapy, chemotherapy, immunotherapy and hormone
therapy). In women, deep sensation, impaired motor coordination
and body balance are often impaired. A decrease in upper limb
function on the operated side is observed [4, 5]. Negative effects
of treatment appear already during the radiotherapy or up to 3
months after its completion. Scars arising after surgical treatment
limit the mobility of the limb and lead to structural deformations
and disorders of the trunk movement and the shoulder girdle. In
addition, breast removal (unilateral mastectomy), especially in
women with large breasts, causes an asymmetry in body weight
distribution and displaces the center of gravity causing balance
and gait disturbances, which becomes unstable [6, 7]. Another
consequence of surgical treatment is hypertrophic scarring of
the postoperative scar, which causes contractures that restrict
mobility in the shoulder girdle joints. Young patients aged 20 to
35 are particularly at risk for keloids. The risk of keloid formation
is related to the course of the surgical incision line, which in a
typical mastectomy cut extends from the sternum to the axillary
pit and is perpendicular to the line of tensile forces acting on
the skin in this area [8, 9].

Radiation therapy, which results in fibrosis and contracture
of tissues and even necrosis, also has negative effects. These
changes occur mainly in the areas of the radiation application
fields [10]. Late complications after radiation therapy occur after
a few months, and sometimes even several years after radiation
therapy. They are the consequences of extensive fibrosis in the
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lymphatic vessels and the growth of blood vessels. They are
manifested in the form of scarring changes in the skin and
subcutaneous tissue, muscle fibrosis and their fascia as well as
scarring and fibrosis in the ligamentous-capsule apparatus.

These changes lead to contractures and reduced mobility
in the joints of the upper limb. Patients also have atrophy of
the lattissimus dorsi muscle, teres minor and majormuscles
and subscapularis muscle and often suffer from so-called
Frozen shoulder disorder. These changes cause abnormal
movements of the shoulder blade and shoulder [11].

Functional changes within the shoulder, disturbed sensation
of the body area on the operated side and changes in the
position of the scapula can affect the change in biomechanics
of the spine and lead to a disorder of postural control [12-14].
Postural control may also be disturbed by the lack of breast
or part of it resulting from surgery and damage to deep
sensation receptors as a result of chemotherapy [15].

Due to the variety of disorders that are a consequence of
breast cancer treatment, patient rehabilitation is complicated
and multidirectional. When planning the rehabilitation process,
activities aimed at preventing and treating lymphoedema,
increasing the mobility of the spine, chest and upper limbs,
increasing muscle strength and improving motor coordination
and postural control should be taken into account [16-19].

In Poland women treated for breast cancer are increasingly
referred to spa therapy. Therefore, it is important to develop the
most effective and multidirectional methods of spa treatment
for patients. Some clinical trials [20, 21] and clinical trial
reviews [22] indicate that modern technologies such as virtual
reality can improve static and dynamic postural control. These
technologies can be also used in resort treatment [20, 21].

AIM

The aim of this study was to gain knowledge about the
impact of spa treatment including virtual reality exercises on
static and dynamic postural control of women after breast
amputation due to breast cancer.
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MATERIAL AND METHODS

The study was carried out in the period from 01/09/2018 to
28/02/2019 at the Research Laboratory in Inowroclaw located
in the Solanki Medical Resort with the consent of the Bioethics
Committee for Scientific Research at the University of Rzeszow
(Resolution No. 2018/06/02). The study was registered in the
Australian New Zealand Clinical Trial Registry, under the
number ACTRN12619001599167.

The study included 49 women undergoing three-week
sanatorium treatment at the Solanki spa center in Inowroclaw.
Three patients withdrew from the study due to personal reasons.
46 women aged 36 to 63 completed the study. The mean age
of patients was 51.67 years (+ 6.62 years). The patients’ Body
Mass Index (BMI) ranged from 20.07 to 33.11 and was on
average 28.41 (+ 4.71). None of the patients was underweight
(BMI <18.5). 23 patients (50%) were overweight (BMI 25-29.9).
12 women (26.09%) were obese (BMI> 30). In 11 patients
(23.91%) body weight remained normal (BMI 18.5-24.9). Detailed
demographic data of patients are presented in Table 1.

The study included women over 18 years of age who agreed
to participate in the study and who were treated for unresected
breast cancer, characterized by grade I-III clinical advancement.
All women underwent complete surgical treatment of breast
cancer (mastectomy) and adjuvant treatment - chemotherapy,
immunotherapy, hormone therapy and radiotherapy depending
on clinical indications. An additional condition for inclusion
in the study was completed radiotherapy and chemotherapy
a minimum of 8 weeks before the start of the study.

The following exclusion criteria were adopted: co-morbidities
disrupting the body’s balance (including diseases of the
nervous system, balance organ, eyes, muscles and joints),
independence score on the Barthel scale below 65 points,
lack of cooperation with the therapist (understanding and
following instructions), lymphoedema, contraindications for
motor improvement provided for in the study program.

All patients underwent 3-week spa therapy. It included 2%
brine baths of the whole body, used 3 times a week 20 minutes
each, as well as individual and group physical exercises. Individual
exercises were conducted using feedback based on virtual reality,
6 days a week (from Monday to Saturday), for 45 minutes a day.
These exercises were aimed at improving motor coordination

Table 1. Characteristics of the study group (number of subjects N=46 women)

Tabela 1. Dane demograficzne pacjentek [N=46]

and body balance. Exercises on Alfa and Gamma stabilometric
platforms (Polish production, Technomex company) and exercises
of motor coordination of lower limbs with elastic resistance were
used using the Telko device (Polish production, Technomex
company). These devices were equipped with VAST. Rehab
software (Poland) enabling feedback based on virtual reality
and collecting data on the type of tasks ordered to patients and
the accuracy of their performance by patients.

Exercises on the platforms were conducted in a standing
position (Figure 1). During the exercises, monitors displayed

Figure 1. An example of an exercise with virtual reality (VR) and feedback on Alfa
(Technomey, Poland) stabilometric platform

Rycina 1. Przyktad cwiczenia z wirtualng rzeczywistosciq (VR) i sprzezeniem zwrotnym
na platformie Alfa (Technomex, Polska)

Variable Mean (SD) Lower quartile Median Upper quartie
Zmienna Srednia (SD) vty Mediana o
(wal olny
Wiek [Lata] B
Age [years] 51.67 (5D 6.62) 52
Wysokos¢ ciata [cm] o
Body height [cm] 163.17 (SD 5.76) o 164
Masa ciata [kg] .
Body mass [kg] 75.71 (SD 13.26) ., 87,67
BMI 28.41(SD4.71) 27.53 31

2571

SD — odchylenie standardowe, SD — standard deviation; BMI — body mass index
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tasks that required the patient to perform specific tasks in
the virtual world. Exercises were focused on improving
the distribution of body weight on the lower limbs and on
improving the control of the body’s center of gravity during
body swings in different directions.

Group exercises were conducted for 60 minutes a day, 6
days a week (Monday to Saturday). These exercises were aimed
at improving flexibility and coordination of the whole body.
In particular, these were prioprioceptive training exercises
conducted in the exercise room 3 times a week and exercises
in water also performed 3 times a week.

Static and dynamic postural control were assessed before
and after the exercises. Tests were performed on the Alfa
stabilometric platform (Technomex; Poland), equipped with
VAST. Rehab software (Poland), enabling postural control
diagnostics and data collection. Static postural control was
assessed in a Romberg test, during which the patient’s task
was to stand still in an upright position for 30 seconds with
eyes open and then for 30 seconds with eyes closed. Dynamic
postural control was evaluated in the dynamic test, during
which the patient’s task was to move the center of gravity of
the body in different directions in a targeted and controlled
manner in accordance with the task displayed on the monitor
screen. Both in the Romberg test and the dynamic test, the
patient stood in a relaxed position, with her feet shoulder-
width apart and her upper limbs lowered along the body. The
foot setting was recorded and saved in the device’s memory.
Both in the static and dynamic postural control assessment,
the length of the path of the center of foot pressure on the
platform (COP) was taken into account.

For statistical analysis, the Statistica program (version
13.1, StatSoft Poland was used. The W Shapiro-Wilk test

was used to study the distribution of variables characterizing
patients. The homogeneity of variance was tested by Leven’s
test. Tests have shown the lack of normality of the distribution
of variables and the lack of uniformity of variance. Due to the
lack of homogeneity of variance and low values of skewness
and kurtosis (<2.5) in the statistical evaluation of the results
after therapy in relation to the condition before treatment,
a non-parametric Wilcoxon test was used, using means as
central measures and standard deviations as measures of
dispersion of results. Statistical significance was assumed
at the level of p < 0.05.

RESULTS

ASSESSMENT OF STATIC POSTURAL CONTROL

During the Romberg test performed with the eyes open,
the length of the COP path before treatment was on average
23.46 cm and after treatment it decreased to 22.08 cm and
this difference was not statistically significant (p = 0.8306).
During the test with eyes closed, the COP path length decreased
from 42.24 cm before treatment to 41.54 cm after treatment
and this difference was also not statistically significant (p =
0.8731). The results are presented in Table 2.

ASSESSMENT OF DYNAMIC POSTURAL CONTROL

In the dynamic test, the length of the COP path before
treatment was on average 278.28 cm after treatment shortened to
209.60 cm on average, the difference was statistically significant
(p = 0.0083). Detailed results are presented in Table 3.

DISCUSSION
Medical treatment enriched with physical exercises using
feedback based on virtual reality (VR) has contributed to
the improvement of dynamic postural control. It is believed

Table 2. The results of COP path length in Romberg test (evaluation of static postural control; N = 46)
Tabela 2. Dtugos¢ sciezki COP w prabie Romberga (ocena statycznej kontroli posturalnej; Liczba badanych 46)

COP path length [cm]
Dtugos¢ sciezki COP (cm)

Quality level

P
Poziom istotnosci statystycznej
P*

Before treatment After treatment
Przed leczeniem Po leczeniu
With eyes open
Z oczami otwartymi
5&3?}?;??3) 23.46 (11.49) 22.08(1093) 0.8306
Lower quartile- Median- Upper quartile
4o, Mediana ! goty 15 19-6877 1550 207927
wartyl dolny
With eyes closed
Z oczami zamknietymi
gﬁ’éffn'i‘a(??[))) 42.24(19.34) 4154 (22.41) 08731
Lower quartile- Median- Upper quartile
Mediana fwervsiny 530248 2507 3836

Kwartyl dolny

*Test Wilcoxona; *Wilcoxon test; COP — srodek nacisku stop na podtoze; COP — center of foot pressure
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Table 3. The results of COP path length in the dynamic test (evaluation of dynamic postural control; N = 46)
Tabela 3. Dtugos¢ sciezki COP w prdbie dynamicznej (ocena dynamicznej kontroli posturalnej; Liczba badanych 46)

COP path length [cm]
Dtugosc sciezki COP (cm)

Quality level

p
Poziom istotnosci statystycznej
P*

Before treatment
Przed leczeniem

After treatment
Po leczeniu

Mean (SD)

Srednia (SD) 278.28 (147.13)

209.60 (86.49) 0.0083

Lower quartile- Median- Upper quartile

31107
Mediana ¥wer! gty 174.60 24591

wartyl dolny

196.47 4%

149.99

*Test Wilcoxona; *Wilcoxon test; COP — $rodek nacisku stop na podtoze; COP — center of foot pressure

that sensorimotor exercises and coordination-equivalent
exercises on stabilometric platforms using VR-based feedback
stimulates the reflex mechanism of neuromuscular control
that affects the correct positioning of individual body
parts relative to each other. The purpose of exercises on
stabilometric platforms is to rebuild proprioception, prevent
the formation of compensatory movement patterns, rebuild
local stabilization in the shoulder joint on the operated side,
and central stabilization within deep torso muscles. Thanks
to this, complicated movement patterns on which everyday
movement activities and locomotion are based are carried
out ergonomically and safely. Their use in a group of cancer
patients is very important due to functional changes after
surgery and neurotoxicity of chemotherapy and the general
impact of cancer on the nervous system, well-being and
general physical fitness of women.

Similar results as in this study were obtained by Schwenk
etal. [23] in a pilot study, where the impact of an interactive
balance training program in patients with chemotherapy-
induced polyneuropathy was examined. Exercises in virtual
reality conditions were based on sensors attached to the
body. 22 subjects aged 70.3 (+ 8.7 years) were randomly
assigned to the intervention (IG) or control (CG) group. The
IG group used interactive balance training based on a game
in which the tasks involved overcoming virtual obstacles.
Sensors attached to the body provided visual and audible
feedback in real time. Participants practiced 45 minutes
twice a week for four weeks. Made among others 30-second
balance tests in the form of a Romberg test standing with feet
together with eyes open and closed. Changes in the position
of ankle and hip joints as well as body center of gravity (CoM)
displacement in both medial-lateral and anteroposterior (AP)
directions were assessed. Improvement in postural control
was observed after the intervention and the swing ranges of
the hip, ankle and CoM were significantly smaller compared
to the control group.

Early and unfavorable consequences of breast cancer
treatment are pain and discomfort in the arm, shoulder and chest
wall on the operated side. Patients also complain of increasing
neuropathy and hyperalgesia in the operated part of the body,
pain radiating along the shoulder to the elbow, hypertrophic
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scarring of the postoperative scar, fibrosis and contractures
limiting mobility. To treat these adverse effects within the
upper limb, House et al. [24] used specialized forearm braces
connected to a robotic rehabilitation table. The device was
combined with therapeutic tasks to be performed in virtual
reality conditions. The aim of this study was to investigate
the impact of specialized rehabilitation exercises in managing
chronic postoperative pain in women with depression who
have survived breast cancer. Orthotics allow to track the
position of the arm and gripping power, while the patients
played three-dimensional rehabilitation games. Exercises
lasted 20-50 minutes, twice a week, for 8 weeks. Six women
were qualified to the pilot study. Rehabilitation in virtual
reality conditions proved to be effective, as improvement
of the range of shoulder joint movement, improvement of
cognitive functions, increase of strength of upper limb muscles
and reduction of depression symptoms were observed. This
helped to improve postural control and improve patients’
quality of life.

Women who are diagnosed with breast cancer are often
not physically active or do not reach the recommended level
of physical activity [25]. Research conducted by Irwin et al.
[3] indicates that after diagnosis, the majority of women with
breast cancer reduce their participation in physical activity
by 11%. Therefore, supervised physical activity after breast
cancer treatment is important, which turns out to be very
helpful in developing a positive motivational profile among
women who survived breast cancer, which can contribute to
long-term maintenance of the recommended level of physical
activity, which has a positive effect on the health of the subjects
[26]. VR can play an important role here, because virtual
reality exercises are usually very interesting for patients. After
each task, a summary of the accuracy of its performance is
displayed, which is an additional element encouraging the
patient to exercise. It is recognized that the images that the
patient sees on the monitor provide a lot of feedback that
paves the correct movement patterns and results in faster
regeneration of the motor functions of the body. VR is also
used as an element diverting attention from negative stimuli,
e.g. during the use of chemotherapy. This is evidenced by
a number of studies conducted by Schneider et al. [27-30],
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where virtual reality was successfully used as an important
element affecting the increase in tolerance to the treatment
used. It was observed that the use of VR contributed to a
subjective shortening of the duration of injection in patients
from the VR group, compared to taking chemotherapy in
patients without using VR. 82% of respondents reported
that they would use this form during subsequent cycles of
chemotherapy. Subjects reported reduced feelings of anxiety and
fatigue, immediately after chemotherapy when experiencing
virtual reality interventions.

There is alack of reports in Polish literature regarding the
assessment of physical fitness, including postural control of
women treated for breast cancer at an early stage of oncological
treatment. There are also no studies assessing the usefulness and
effectiveness of using sensomotor training in early rehabilitation
in oncological patients. Therefore, specialized physical activity
programs should be created and disseminated among women
who have experienced breast cancer, paying special attention
to the correlation between physical activity and reducing
the risk of breast cancer recurrence and mortality [25]. The
results of this study may become an inspiration to conduct
further, properly planned clinical trials using spa centers and
virtual reality in the treatment of various diseases.

CONCLUSIONS

The obtained results allow to conclude that spa treatment
enriched with physical exercises using virtual reality and
biofeedback contributes to the improvement of postural control
in dynamic conditions in breast cancer survivors. The results
of the study should be confirmed in high-quality therapeutic
experiments including randomized control groups. The results
of the study also allow authors to propose a conclusion that
it is worth enriching medical treatment with exercises using
modern technologies, including virtual reality and feedback
in a group of breast cancer patients.
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TERAPIA MITOCHONDRIALNA

Terapia mitochondrialna stymuluje wlasne endogeniczne mechanizmy obrony na wszystkich poziomach
- od genu do calego organu lub tkanki. W wyniku hipoksji stare uszkodzone mitochondria obumieraja,
a odbudowuja si¢ nowe zdrowe, w znacznie szybszym tempie.
Terapia IHHT prowadzi do korzystnych dla organizmu zmian: « Dzialanie przeciwzapalne « Obnizenie poziomu cholesterolu
« Poprawa wrazliwo$ci na insuling « Wzrost enzymow glikolowych « Indukgja syntezy biatek obronnych
« Zwigkszenie wazodylatacji, angiogenezy, erytropoezy.
Jak wyglada terapia?
Terapia mitochondrialna polega na wdychaniu niedotlenionego powietrza (mate stezenie tlenu) z przerwami na nadtlenione
powietrze (wysokie stezenie tlenu). Fazy normoksyczne (normalne stezenie tlenu) moga zastapic¢ fazy hiperoksyjne,
ale s3 ogolnie mniej wydajne, poniewaz przywrocenie normalnych pozioméw SpO, trwa dtuzej,
a efekt kolejnej fazy hipoksyjnej jest zmniejszony. Pacjent wdycha przez maske doktadnie kontrolowana mieszaning powietrza
dostarczang przez urzadzenie. Podczas trwania calego zabiegu, pacjent pozostaje w wygodnej pozycji lezacej,
czesto pacjent zasypia i opisuje cala procedure, jako gteboko relaksujaca.
Mitochondria to centra energetyczne naszego organizmu. Znajduja si¢ w kazdej komorce i to wlasnie one zaopatrujg organizm
w energie niezbedna do zycia i funkcjonowania kazdego organu.
Pelnig rowniez szereg innych istotnych funkeji, chociazby odtruwaja nasz organizm.
Zastosowanie terapii IHHT
Schorzenia neurologiczne: « Zesp6l przewleklego zmeczenia « Bezsenno$¢ « Migrena i czeste bole glowy
« Zaburzenia w koncentracji « ADHD o Zespo6t Aspergera o Autyzm o Stwardnienie rozsiane « Demencja « Choroba Parkinsona
« Choroba Alzheimera « Upogledzenia umystowe
Schorzenia hormonalne: « Tarczyca « Cukrzyca « Zaburzenia wzrostu
Problemy ukladu oddechowego « Niewydolnos$¢ oddechowa « POChP « Bezdech senny
Choroby nerek i watroby « Zaburzenia trawienia « Biegunka/zaparcia « Refluks « Nadmierny apetyt « Otylos¢
Schorzenia kardiologiczne « Zaburzenia rytmu serca « Kardiomiopatie « Nadci$nienie
Schorzenia reumatyczne « Reumatoidalne zapalenie stawdw « Fibromialgia
Schorzenia ogdlnoustrojowe « Borelioza « Kwasica mleczanowa « Twardzina uktadowa « ObniZone napiecie mie$niowe
Lagodzenie skutkow farmakoterapii i chemioterapii. Terapia mitochondrialna pozwala poprawi¢ stan zdrowia
chorym leczonym chemioterapia i hormonoterapia, chorym po radioterapii, podczas leczenia interferonem, podczas leczenia sterydami.
Medycyna sportowa. Terapia IHHT odgrywa znaczaca role w medycynie sportowej — poprawia kondycje sportowcow
za pomoca substancji naturalnych, niebedacych na zastrzezonej liscie substancji zabronionych.
Poprawa jakosci Zycia. Zdrowym osobom terapia mitochondrialna pomaga zwalczy¢ zmeczenie i stres codziennego zycia
oraz uodporni¢ sie na infekgje. Jest to skuteczna terapia wspomagajaca w walce z depresja, zespolem chronicznego zmeczenia
i wypalenia zawodowego. Pozytywne skutki odnosi réwniez w medycynie przeciwstarzeniowej.
Czesto medycyna skupiaj sie na leczeniu objawdw choroby. Terapia mitochondrialna to leczenie dysfunkeji organizmu u ich podstaw.

k (www.terapiamitochondrialna.pl /
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SUMMARY

Introduction: The knee joint is one of the most commonly injured joints, especially among physically active persons. In turn, the anterior
cruciate ligament (ACL) is the knee ligament which is most frequently torn. Water treadmill therapy is one of the forms of rehabilitation
available for patients after ACL reconstruction.

Materials and Method: The case of a 38-year-old woman is presented who during parachute jumping sustained injury to the knee joint
on landing. Using the magnetic resonance imaging (MRI) a tear of the ACL was diagnosed. Physiotherapeutic examination was performed:
palpation and visual observation of both knee joints: assessment of position of the patella and the axes of the lower limbs, assessment of joint
temperature, patella ballottement sign, and tenderness. In order to objectively monitor the progress of therapy measurements were taken of
the circumference of the lower limbs, and pain complains assessed according to the VAS scale. Eight weeks after reconstruction of the anterior
cruciate ligament, the patient underwent 30 treadmill therapy treatments.

Results: Quadriceps muscle mass gain and reduction of the knee joint swelling were observed. Full range of knee joint motion was confirmed,
and lack of pain in the medial compartment of the knee joint.

Conclusions: Water treadmill therapy is an effective supplementation of the process of patient rehabilitation after reconstruction of the
anterior cruciate ligament.

Key words: water treadmill, anterior cruciate ligament (ACL), proprioceptive training, sports injuries

STRESZCZENIE

Wstep: Staw kolanowy jest stawem w ktérym najczesciej dochodzi do urazu, szczegélnie wsréd oséb aktywnych fizycznie. Wiezadto krzyzo-
we przednie (ang. Anterior Cruciate Ligemant - ACL) z kolei jest najczeéciej zrywanym wiezadtem kolana. Jedna z dostepnych form
rehabilitacji pacjentéw po rekonstrukcji ACL jest terapia w biezni wodnej.

Materiati metody: Autorzy przedstawili opis przypadku 38-letniej kobiety, ktdra skaczac ze spadochronu podczas ladowania doznata urazu
stawu kolanowego. Za pomoca badania obrazowego MRJ stwierdzono zerwanie ACL. Wykonano badanie fizjoterapeutyczne: palpacyjne i
obserwacje wzrokowa obu stawdw kolanowych (ocena ustawienia rzepek i osi koiczyn dolnych, ocena cieptoty stawu, objaw balotowania
rzepki, tkliwos¢ uciskowa). Do obiektywnego monitorowania postepéw terapii przeprowadzono pomiary obwodéw koriczyn dolnych i ocene
dolegliwosci bélowych wg skali VAS. 8 tygodni po zabiegu rekonstrukgji wiezadta krzyzowego przedniego poddano pacjentke 30 zabiegom
terapii w biezni wodnej.

Wyniki: Zaobserwowano przyrost masy miesniowej miesnia czworogtowego, redukeje obrzeku stawu kolanowego. Stwierdzono petny zakres
ruchomosci stawu kolanowego i brak dolegliwosci bélowych przedziatu przysrodkowego stawu kolanowego.

Whioski: Terapia w biezni wodnej jest skuteczng forma uzupetnienia procesu usprawniania pacjenta po rekonstrukgji wiezadta krzyzowego
przedniego.

Stowa kluczowe: bieznia wodna, wiezadto krzyzowe przednie (ACL), trening propriocepcji, urazy w sporcie
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INTRODUCTION

The knee joint is the largest joint in the human body and its
unimpaired function is indispensable in the process of locomotion,
as well as in many activities of daily living, such as: sitting, getting
up, crouching down, body hygiene, etc. The knee is the joint
that participates in the shifting body weight; therefore, in this
case, the aspect of dynamic stabilization is especially important.
The ligament apparatus, articular capsule, menisci, and muscles
surrounding the joint provide stabilization of the knee joint [1].
The knee joint one of the most frequently injured joints, especially
among physically active persons. In turn, the anterior cruciate
ligament (ACL) is the knee ligament most often torn [2]. These
are the most frequent injuries with hyperextension and valgus,
and injuries causing rotation [3-5].

The physiotherapeutic management in ACL injury is two-
fold. In poorly active persons aged over 50-60, conservative
treatment is usually applied, i.e. physiotherapy. However, it is
worth remembering that a joint deprived of the ACL is practically
doomed to improper functioning, and consequently is more
quickly worn away (degenerative changes - gonarthrosis) in
the long term [6-9].

Another approach to the treatment of ACL injuries is the
surgical procedure of double bundle anterior cruciate ligament
reconstruction; arthroscopy is most frequently applied with the
use of transplants from the gracilis muscle, semi-membranous
muscle, or the patellar ligament. The reconstruction methods
differ and are constantly being improved in order to best
restore the biomechanics of the knee joint and enable the
patient to return to an active life [4, 10, 11]. The Jewel ACL
reconstruction, either partial or total, is recommended to
sportsmen, due to the possibility of faster return to sports,
and a greater biomechanical resistance of the ligament [4].
The study by Ardern et al. [12, 13] indicates that 35-45% of
patients after ACL reconstruction do not return to sports.
Among those who do return to sports, 15% may expect a
secondary ACL injury, of whom 30% of young sportsmen
sustain a secondary injury within the first two years after
the ACL reconstruction [14-16].

One of the available, although new, forms of patient
rehabilitation after ACL reconstruction is water treadmill
therapy because the treadmill is an excellent piece of equipment
for therapeutic exercises, providing a safe and controlled
environment for treatments. Water therapy cannot replace
land therapy; however, it offers its supplementation or
even acceleration. Proper use of the properties of the water
environment offers many benefits in the rehabilitation process
at its individual stages. Water is an excellent environment for
the performance of exercises improving the range of motion
in the joint, proprioception, and the function, as well as
muscle strength, in the lower limb. The main advantage of
water therapy in the process of restoration of fitness is that
more advances exercises can be introduced earlier than in
land therapy, potentially accelerating the restoration of the lost
function and shortening the total rehabilitation duration.

Rehabilitation treatment includes specified exercises biased
towards the development or maintenance of the efficiency
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of the neuromuscular and cardiovascular systems, with a
low risk of trauma [9]. The degree of difficulty of exercises
may be adjusted to the patient’s goals through the degree of
immersion, exercises in deep or shallow water, and the use
of additional resistance or turbulence. However, it should be
kept in mind that the progress of exercises, similar to land
therapy, depends mainly on the degree of functional fitness of
a patient. Water properties play a crucial role in the process
of rehabilitation of patients after anterior cruciate ligament
reconstruction. According to the level of immersion in water,
rehabilitation may take place at various levels of loading. This
is especially beneficial, when the patient cannot tolerate the
full load, or has medical recommendations to avoid it [2].
In certain aspects, water therapy helps to optimize the
rehabilitation process. In addition, it allows prevention of
the hazardous effects of immobilization — muscular atrophy,
limited mobility and increased pain [17, 18].

MATERIALS AND METHOD

CASE DESCRIPTION

A female patient aged 38, passionate about skydiving,
during a parachute jump sustained injury to the right knee
joint on landing; when the sole of her shoe came into contact
with uneven ground it caused a sudden entrapment of the
foot, and knee joint rotation and hyperextension occurred. As
aresult, she fell over. The main symptom of injury was knee
pain, as well as weakness and uncertainty in the right lower
limb. Subsequently, there occurred swelling and limitation
in the range of mobility in the right knee joint.

By using the Lachman test in physiotherapeutic examination,
the following was diagnosed: great instability in the sagittal
plane in the abdominal-dorsal direction front drawer test, and
extension deficit with the Apley’s distraction and compression
test. The knee tests performed confirmed the diagnosis
concerning ACL damage and medial meniscus rupture.

MRI examination confirmed the following: a complete
ACL tear, thickened anterior cruciate ligament, swollen, with
blurred structure. Features of the disruption of continuity of
fibres surrounding the proximal attachment - the ligament
jagged, with dislocation of a fragment of the ligament on
the posterior surface of the femoral lateral condyle. The
distal ligament stump was abnormally flat and had a wavy
waveform, and a part of the stump dislocated to the site of
oedematous part of the Hofta’s pad. Medial meniscus (MM)
with the presence of complex damage to the posterior horn
(PH) and the presence of irregular area reaching the femoral
surface, tibial surface and surface of the capsule meniscus - an
image of a massive contusion to the horn, with features of
omnidirectional damage fissure. Above the posterior horn
of the medial meniscu, an area was observed of intense bone
marrow oedema of the medial tibial condyle (MTC), with the
features of the presence of a fine subchondral fracture.

Surgical treatment was applied — knee arthroscopy:
partial removal of medial meniscus and free cartilaginous
fragments. ACL reconstruction using ST and GR tendons,
and stabilization with a bioabsorbable interference screw
Biomet Toggleloc 25 mm.
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OBJECTIVE

The main goal of rehabilitation of the patient is the
preparation of the knee joint for the continuation of activity,
passion - skydiving: prevention of muscular atrophy, obtaining
maximum muscular strength and balance of the knee joint,
and other muscles of the lower limb, as well as stimulation
of the proprioceptive receptors.

MATERIAL AND METHODS

Palpation examination and visual observation of both
knee joints were performed: assessment of the position of
patella and axes of the lower limbs, evaluation of the joint
temperature, patella ballottement sign and tenderness. In order
to objectively monitor the progress of therapy, the following
measurements of the circumference of the lower limbs were
performed [5] which showed the following differences between
the healthy and the affected lower limbs:

o first femoral circumference (F1) - 55cm (healthy), 54cm
(affected);

o second femoral circumference (F2) - 45 cm (healthy),
43cm (affected);

o knee circumference (K) — 41cm (healthy), 41.5 cm (affected);

Circumference measurements allow an objective assessment
of progress in achieving the assumed goal of therapy. The
patient did not report severe pain complaints which only
occurred sporadically, usually during great effort in the affected
limb. Sometimes, slight pain occurred (VAS 3-4) concerning
the medial compartment of the knee.

The following ligament and meniscus tests were
performed:

o apley’s compression/distraction test (negative result);
o posterior drawer test (negative result);
« flexion extension test; varus and valgus (negative result).

Eight weeks after surgery, the patient underwent water
treadmill treatments, duration of each treatment - 30 min.
The speed was systematically increased from 3km/h in the
first series of treatments, 5 km/h in the second series, and 7
km/h in the third series. All aquatic exercise sessions were
performed at the Rehabilitation Centre on the water treadmill
(FOCUS) in special footwear (Figure 1), with the water level
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Figure 1. Aquatic treadmill therapy
Rycina?. Terapia w biezni wodnej

at the height of the xiphoid process. Water temperature 30°C,
air temperature 24°C. All corrections of the treadmill during
the protocol were performed by the same research assistant,
who also verbally encouraged the patient during each training
session.
Advantages of aquatic therapy in the process of rehabilitation
of patients after ACL reconstruction:
o reduction of pain and oedema, and restoration of the
normal range of motion in the knee joint;
o gait re-education;
« maintenance and/or development of the efficacy of the
cardiovascular system;
o improvement of coordination and balance;
o earlier introduction of plyometric training in conditions
safer than on land;
o possibility of an optimum management of loading during
therapy [9].

RESULTS

The patient was very motivated for therapy; she had
clearly specified goals ssociated with a return to full activity
at the recreational and amateur level of skydiving. During
the six weeks of therapy the goals posed in the beginning of
the rehabilitation process were successfully achieved. The
quadriceps femoris muscle in the affected limb circumference
in the first measurement gained (F1) - lcm, in the second
measurement (F2) - 1.5cm, and the knee joint circumference
(K) decreased by 0.5cm as a result of the reduction of oedema.
Full range of the knee joint mobility was observed and lack of
pain complaints concerning the medial compartment of the
knee joint. The patient was informed about the necessity to
undertake further prophylactic actions in home conditions
- instruction concerning proprioception training of the knee
joint.

CONCLUSIONS

1. Aquatic therapy may be an effective form of supplementa-
tion of therapy in patients after anterior cruciate ligament
reconstruction.

2. An early mobilization of the patient in unloading condi-
tions provided by the aquatic environment reduces exu-
dation into the joint, increases the range of motion, and
normalizes the gait pattern.

3. Progression of aquatic exercises precedes land exercises,
which contributes to the acceleration of the outcomes of
therapy, which is important primarily for physically active
persons — sportsmen. A greater safety of therapy, lack of
pain, acceleration of the progression of exercises are also
important psychological factors.
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SUMMARY

Obesity is an important medical and civilization problem due to health consequences and increasing incidence. The development of obesity is
influenced by genetic and environmental factors. Despite intensive research the results of which allowed to identify genetic variants predisposing
to the development of obesity, the knowledge about the genetic basis of this metabolic disease still remains incomplete. Furthermore, the
contribution of single polymorphic gene variants to shaping the obesity phenotype is minimal and accounts for a small part of body weight
variability. The need for further research in the field of obesity etiology has increased the interest in the role of epigenetics as a mediator of
gene-environment interactions, underlying the development of obesity and related comorbidities. Epigenetics deals with changes in gene
expression that are not related to changes of the nucleotide sequence in DNA. Epigenetic modifications include DNA methylation, post-
translational modifications of histone proteins and synthesis of non-coding microRNA (miRNA).

There is growing evidence indicating that environmental exposures (among others the influence of nutrients) in prenatal and early postnatal
development may induce permanent changes in the epigenome, predisposing to an increased risk of obesity in later life. Epigenome-Wide
Association Study (EWAS) allowed to indicate differences in the methylation pattern of genes in obese people compared to healthy subjects
with normal body weight as well as to identify the first epigenetic markers of obesity in humans. EWAS also allowed to recognize epigenetic
changes under the influence of nutrients, during weight loss and occurring during exercise interventions. Significant progress in epigenetic
studies on the causes of obesity will allow to predict the risk for this metabolic disease already at a young age and it gives the possibility of
introducing targeted prevention strategies.

Key words: obesity, epigenetics, DNA methylation, histone modifications, microRNA, diet, physical activity

STRESZCZENIE

Otytosc jest obecnie istotnym problemem medycznym i cywilizacyjnym ze wzgledu na konsekwencje zdrowotne oraz wzrastajaca czestosc
wystepowania. Na rozwdj otytosci maja wptyw nie tylko czynniki genetyczne, ale przede wszystkim srodowiskowe. Mimo intensywnych
badan, ktérych wyniki pozwolity na identyfikacje wariantéw genetycznych predysponujacych do rozwoju otytosci, nadal wiedza o podtozu
genetycznym tej choroby metabolicznej jest niepetna. Ponadto udziat pojedynczych wariantdw polimorficznych genéw w ksztattowaniu
fenotypu otytodci jest minimalny i odpowiada za niewielka czes¢ zmienno$ci masy ciata. Potrzeba dalszych badar w zakresie etiologii otyto-
$ci spowodowata wzrost zainteresowania rola epigenetyki jako mediatora interakgji gen-Srodowisko, lezacych u podstaw rozwoju otytosci i
zwiazanych z nig choréb wspdtistniejacych. Epigenetyka zajmuje sie zmianami ekspresji gendw, ktdre nie s3 zwigzane ze zmianami sekwencji
nukleotydéw w DNA. Modyfikacje epigenetyczne obejmujg metylacje DNA, modyfikacje posttranslacyjne biatek histonowych oraz synteze
niekodujacego mikroRNA (miRNA).

Istnieje coraz wiecej dowodéw wskazujacych, ze ekspozycje Srodowiskowe (m.in. wptyw skfadnikdw odzywczych) w rozwoju prenatalnym i
wezesnym postnatalnym moga indukowac trwate zmiany w epigenomie, predysponujac do zwiekszonego ryzyka otytosci w péZniejszym okresie
zycia. Badania asocjacyjne epigenomu (EWAS) pozwolity wskazac réznice wzoru metylacji genéw u oséb otytych w poréwnaniu ze zdrowymi
osobami o prawidtowej masie ciata, jak réwniez zidentyfikowac pierwsze markery epigenetyczne otytosci u ludzi. Badania EWAS pozwolity
takze rozpoznac zmiany epigenetyczne zachodzace pod wptywem sktadnikéw odzywczych, podczas utraty masy ciata oraz pojawiajace sie w
trakcie interwencji wysitkowych. Znaczacy postep w badaniach epigenetycznych przyczyn otytosci pozwoli przewidywac ryzyko tej choroby
metabolicznej juz w mtodym wieku i otwiera mozliwo$¢ wprowadzenia ukierunkowanych strategii profilaktyki.

Stowa kluczowe: otytos¢, epigenetyka, metylacja DNA, modyfikacja histonéw, mikroRNA, dieta, aktywnos¢ fizyczna
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INTRODUCTION

The number of overweight and obese subjects is growing at
an alarming rate, taking the form of an epidemic [1]. All over
the world, especially in developed countries, including Poland,
obesity has become one of the most important health problems.
Excess accumulation of adipose tissue is an important risk
factor for the development of diabetes, metabolic syndrome,
cardiovascular diseases, renal impairment, respiratory system
diseases, certain types of cancer and, consequently, premature
death [2]. World Health Organization (WHO) defines obesity
as a chronic multifactorial disease characterized by an excessive
body fat mass, above 25% body mass in men and 30% body
mass in women and BMI value > 30 kg/m? [2]. Both genetic and
environmental factors contribute to the development of obesity,
including abnormal eating habits, reduced physical activity
and sleep deprivation [3, 4]. Genetic determinants of obesity
are multiple-gene factors and they are very complex. The latest
data indicate that the variability of BMI (body mass index) in
children and adults is conditioned in 30-40% by common single
mononucleotide polymorphisms (SNPs) in genes regulating
food intake, metabolism or preadipocyte differentiation [4].
The recent Genome-Wide Association Studies (GWAS) have
contributed to the discovery of many SNPs in genes strongly
associated with obesity, each of which is responsible for a small
proportion of body weight variability [4].

Scientists are increasingly emphasizing that gene-environment
interaction is responsible for the acquisition of excessive body
weight, where a genetic predisposition to the development
of obesity in combination with an obesogenic environment
and unrestricted access to high-calorie foods promote the
development of obesity [1, 4]. Clinical and epidemiological
studies indicate that epigenetic mechanisms underlie gene-
environment interactions [4] and that obesity and its complications
may be the result of epigenetic changes [5].

Epigenetics is a study of the changes in gene expression
that do not involve changes to the nucleotide sequence in
DNA [6, 7]. Epigenetic modifications reflect the impact of
environmental factors, including dietary components, on
the regulation of gene expression [6-8]. Epigenetic processes
responsible for the regulation of gene expression change the
access of transcription factors to the promoter region of a
gene [8]. There has been provided evidence indicating that
epigenetic processes occurring in the prenatal and early
postnatal period under the effect of nutrients may predispose
to the risk of obesity in adult life [9]. Epigenetic mechanisms
responsible for determining specific gene expression patterns
include DNA methylation, post-translational modifications
of histone proteins, and synthesis of non-coding microRNA
(miRNA) [1].

EPIGENETIC REGULATION OF GENE EXPRESSION
DNA METHYLATION

DNA methylation is the most persistent enzymatic,
post-replication modification of DNA based on the covalent
attachment of a methyl group (-CH,) to carbon at position 5 of
cytosine, with the participation of methyltransferase enzymes
- DNMT (deoxyribonucleic acid methyltransferase). Cytosine
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residues of CG dinucleotides are predominantly methylated in
human DNA and methylation is always symmetric and induces
both complementary DNA strands [10]. Dinucleotide CG
sequences are unevenly distributed throughout the genome,
only a small number of them occur in clusters called CpG
islands. Most CpG islands occur in the region of promoters
and in the first few exons of genes that are essential for cell
function. Usually these are housekeeping genes, tissue-specific
genes and regulatory genes [10]. The level of expression of
a given gene is closely correlated with the degree of CG
dinucleotides methylation [11]. DNA methylation in the
gene promoter silences transcription by two mechanisms:
1) the presence of methyl groups prevents the transcription
factor from attaching, 2) binding to the methylated promoter
sequence of specific MBD proteins (methyl-CpG-binding
domain proteins) that interact with histone deacetylase and
chromatin remodeling complexes, leading to changes in the
structure of chromatinand, consequently, to reduced access
for transcription factors [10]. Gene coding fragments and
their promoters usually remain unmethylated. The DNA
methylation pattern is mainly established during embryonic
development, cell differentiation and is then transmitted to
daughter cells via cell division [7].

THE ROLE OF DNA METHYLATION IN THE PATHOGENESIS
OF OBESITY

The effect of DNA methylation on gene expression is well
documented and methylation disorders at an early stage of
organism development may predispose to the development
of multifactorial diseases in adult life to the same extent as
changes in DNA sequence [9]. Initially, a predisposition to
the development of obesity was associated with genomic
imprinting disorders in humans. Genomic imprinting, referred
to as parental imprinting, is a process of transcriptional gene
silencing depending on whether they come from mother or
father. This phenomenon leads to monoallelic gene expression.
Inactivated alleles are strongly methylated [12]. Appropriate
imprinting is important for proper growth and development,
cell differentiation and the course of metabolic processes. Most
imprinted genes encode transcription factors (e.g. IGF2, insulin
growth factor 2) or proteins that regulate gene expression (e.g.
GRBI10), therefore development of obesity is one of the observed
effects of methylation pattern disorders [9,12]. Prader-Willi
syndrome [OMIM ID:176270] is a characteristic example of
the relationship between epigenetics and the occurrence of
obesity. It is most frequently caused by interstitial deletion
of the long arm chromosome 15 fragment (15q11.2-q13)
of paternal origin (~70%), uniparental disomy of maternal
origin - mUPD15 (~25%) or mutations in the region termed
‘the imprinting center’ in chromosome 15 (~5%). The clinical
manifestations of Prader-Willi syndrome include, among others:
short stature, poor muscle tone, intellectual disability, genital
hypoplasia (hypogonadism) and obesity caused by excessive
appetite [12]. Obesity is also observed in Albright hereditary
osteodystrophy which is caused by epigenetic defects in the
imprinted GNAS gene [12]. The above disorders are rare and
this is certainly not the only cause of obesity.



Many research studies emphasize the significant impact
of the external environment on early epigenetic changes that
permanently increase susceptibility to the development of
obesity [6, 9]. Numerous epidemiological studies and those
conducted with laboratory animals prove that insufficient supply
of nutrients in the early stages of body development and delayed
intrauterine growth of the fetus increase the risk of developing
metabolic (obesity, type 2 diabetes, hypercholesterolemia)
and cardiovascular diseases in adulthood [1].
For instance, low birth weight infants that quickly gain weight
in the first period of life have a higher risk of obesity and
metabolic syndrome in the future compared to newborns
with normal birth weight [13]. Increasing data indicate that
the cause of developmental adaptations favoring obesity and
increasing the risk of metabolic and cardiovascular diseases is
obesity in pregnancy or gestational diabetes as well as excess
nutrient supply in early life [14]. Studies confirming the
above observations showed that children born after maternal
bariatric surgery, in comparison with siblings born before
the surgery, were less susceptible to the development of
obesity, their lipid profile improved and insulin sensitivity
increased [15]. The mechanisms determining the influence
of the mother’s nutritional status and weight on the risk of
metabolic diseases in their children are not yet fully understood.
In studies assessing the entire genome methylation in siblings
not exposed in prenatal development to maternal obesity and
children born before maternal weight loss, there were found
differences in the degree of methylation and expression of over
5000 genes most of them involved in glucose metabolism,
insulin signal transduction, modulating inflammation or the
risk of developing autoimmune and cardiovascular diseases.
The obtained results confirm the effectiveness of bariatric
treatment in relation to epigenome and transcriptome status
in offspring [16]. The significance of methylation of intragenic
segments, which is much higher compared to regulatory
regions, is currently being intensively studied. It has been
observed that intragenic methylation includes highly conserved
sequences and it can inhibit the expression of tissue-specific
genes. However, as recent studies have shown, the attachment
of methyl groups to intragenic sequences may be associated
with an increase in gene expression [17, 18]. The results of
subsequent experiments indicate that transcription start sites
are usually located intragenically or between genes in regions
where there are large numbers of methylated CpG islands,
whereas less than 3% of CpG dinucleotides are methylated
in the promoter region. On this basis, it is assumed that
methylation of intragenic regions plays an important role in
regulating the activity of intragenic promoters, as well as in
the formation of alternative tissue-specific transcripts [18].
Moreover, contrary to popular belief, it appears that methylation
of CpG islands within the promoters of most autosomal genes
does not play a major role in regulating their expression.
Presumably, acetylation and methylation of histones are more
important for this process [18]. Results of the latest research
indicate that in most of the human genome, even small changes
in the methylation of some CpG islands located outside of
the promoter region translate into distinct differences in
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gene expression level [17]. In the world literature there are
published more and more studies the subject of which was
the analysis of the methylation pattern of selected genes
promoter regions in obesity [19]. Their results clearly indicate
that studies on epigenetic changes in the course of obesity
and its comorbidities are relevant and promising direction
for scientific research. It is believed that the variability of the
DNA methylation pattern shapes the individual susceptibility
to obesity [20]. Moreover, in obese patients there may be
observed global DNA hypomethylation which can be
caused by the disturbed methyl group metabolism [21]. The
progressive development of molecular biology techniques
has contributed to the elaboration of advanced methods for
analyzing gene expression or the impact of epigenetic factors
on the activity of individual genome regions. Epigenome-Wide
Association Studies (EWAS) enable simultaneous analysis
of numerous methylation sites of many thousands of genes
and their association with body weight in humans [22]. An
analysis carried out in the European population showed that
increased BMI was associated with increased methylation
at the HIF-3a gene encoding hypoxia-inducible factor in
peripheral blood leukocytes and in adipose tissue [22]. Using
the EWAS technique, it has been demonstrated that in obesity
there appear methylations in the region of genes the protein
products of which are involved in lipid metabolism, immune
response, cytokine and other effects [23].

The importance of epigenetic processes in the development
of human obesity is evidenced by the results of studies in which
it was observed that significant changes in the DNA methylation
profile appear not only during the early development but they
are age-related, affected by environmental factors and may
also be dependent on the genotype of individual genes [24]. A
gene, the genetic variability of which may be associated with
a predisposition to developing giant obesity, also by affecting
the epigenetic pattern, is the fat mass and obesity associated
(FTO) gene, the product of which is a protein with nucleic
acid demethylase activity that catalyzes the removal of the
methyl group from 3-methylthymine in single-stranded DNA
and 3-methyluracil in RNA. Data collected in the course of
molecular studies indicate that SNPs of the FTO gene may
have an impact on eating behavior (control of food intake),
energy expenditure, susceptibility to weight reduction as well
as on the development of numerous complications associated
with obesity [25]. FTO protein is thought to be involved
in the control of DNA repair, regulation of the expression
of other genes, in the metabolism of fatty acids, it is also
responsible for post-translational modifications of histone
proteins [26]. The latest data suggest that FTO protein protects
against the harmful effects of single-stranded nucleic acid
methylation and thus may be involved in rRNA function
regulation [26]. Almén et al. [20] observed a relationship
between the polymorphic allele (rs9939609) of the FTO gene
and the change in the methylation profile of some genes.
Considering the above aspects, it should be assumed that
the impact of genetic variation at the FTO gene locus on the
development of obesity can be realized through epigenetic
mechanisms [20]. Despite extensive research, the function
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of the FTO gene product in the human body is not yet fully
understood [25]. Nevertheless, studies on the structure and
function of the FTO protein can be a reference point for the
development of effective FTO inhibitors used in the treatment
of obesity and type 2 diabetes [26].

EPIGENETIC MODIFICATIONS OF HISTONE PROTEINS

Histone proteins play an essential role in the structural
organization of chromatin. Histone modifications include
acetylation, methylation, phosphorylation, ubiquitination,
sumoylation/conjugation with SUMO (small ubiquitin-like
modifier) and ADP-ribosylation [7]. Histone acetylation,
which consists in attaching the acetyl group to lysine in
the N-terminal tail of core histone, is the best known
modification. Acetylation neutralizes the positive charge of
lysine residues, thereby decreases the affinity of histones for
DNA, relaxes the chromatin structure allowing transcription
factors access to DNA. Histone acetylation is a reversible
process [27]. Removal of acetyl residues from histone lysine/
arginine proteins leads to chromatin condensation and gene
expression silencing [27].

Histone methylation is associated with both transcriptional
silencing and activation of genes. Attachment of one, two or
three methyl groups to lysine residues K4 and K36 of histone
H3 stimulates the formation of an open, transcriptionally
active chromatin structure. Methylation of lysine-4 prevents
binding of Nucleosome Remodeling and Deacetylase (NuRD)
complex to histone H3 ensuring that this histone remains
acetylated [28]. Methylation of lysine residues K9 and K27
of histone H3 leads to the formation of a heterochromatin
and gene expression silencing [29]. It has been shown that
the activity of histone protein modifying enzymes plays an
important role in the process of adipocyte differentiation
which may become the basis for pharmacological therapy
of obesity and insulin resistance [29].

NON-CODING RNA

Recent studies have led to the discovery of small regulatory
RNA (srRNA) involved in gene silencing. srRNAs are divided
into two main groups: micro RNA (miRNA) and small interfering
RNA (siRNA) [30]. They are single-stranded, non-coding
regulatory molecules, 20-24 nucleotides in length, formed
from double-stranded precursors that play an important role
in post-transcriptional regulation of gene expression [7].
Scientific reports indicate that miRNAs play a key role in
many physiological processes, including such as adipocyte
differentiation and metabolism and regulation of insulin
secretion and activity. miRNA has also been shown to influence
significantly the development of metabolic diseases [30].

THE ROLE OF MIRNA IN THE PATHOGENESIS OF OBESITY

In recent years, there has been increasingly pointed out the
important role of post-transcriptional regulation of miRNA
gene expression in the pathogenesis of obesity, type 2 diabetes
and metabolic syndrome. The most important in this respect
are pancreatic B-cells, liver, skeletal and heart muscle as well
as adipose tissue homeostasis disorders of which result in
obesity and its complications [31]. The results of studies on
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the molecular mechanisms leading to the development of
obesity indicate that miRNAs play a key role in the process of
adipogenesis and have a significant impact on the metabolic
and endocrine function of adipose tissue [32]. It is suggested
that the increased amount of adipose tissue in obesity causes
changes in miRNA expression in adipocytes. Furthermore, it is
suspected that a decrease in the biosynthesis of some miRNAs
in adipocytes and a decreased level of various miRNAs in
adipose tissue may be one of the molecular mechanisms in
the development of obesity-related complications [31]. In
studies of Haneghan et al. [33] assessing changes in miRNA
expression in obesity, there was observed decreased expression
of six miRNAs (miR-17-5p, miR-132, miR-34a, miR-99a,
miR-145, miR-195) and increased expression of miR-122
and miR-143 in omental adipose tissue and in the blood of
obese individuals compared to non-obese individuals. The
most significant decrease in biosynthesis was observed for
miR-17-5p and miR-132 the expression of which correlated
negatively with the BMI [33]. The exact number of miRNAs
that are characterized by altered expression in adipose tissue is
unknown. One study showed an underexpression of about 30
miRNAs and overexpression of about 10 miRNAs [32]. Seven
types of miRNAs have been identified in the latest research,
their expression increases or decreases in the course of obesity
[34]. Genes whose expression is regulated by these miRNAs
are involved in cell cycle control, signal transduction pathways,
they affect CNS function, regulate immune response, participate
in lipid and protein metabolism, regulate pancreatic secretory
function and also affect circadian rhythm [34]. The above
spectrum of processes in which miRNAs are involved indicates
their huge potential for regulating gene expression.

In the light of the above data, it is interesting to search
for new markers of obesity and metabolic diseases among
miRNAs [35]. Recently, there are more and more reports about
the presence of miRNAs in blood and about the possibility
of their use as specific markers of obesity [34]. Changes in
the profile of circulating miRNAs that occur with metabolic
imbalance can contribute to the identification of patients at
increased risk of developing obesity and associated diseases,
can be helpful in the diagnosis of metabolic diseases taking into
account the etiological factor and can also become the basis for
the prevention of obesity complications. Analysis of miRNA
profile during body weight normalization therapy will allow
monitoring the effectiveness of therapeutic procedures [35].

Changes of lifestyle associated with the access to high-
calorie food and reductions in physical activity are primary
factors leading to obesity and responsible for the enormous
obesity epidemic[3]. Therefore, it is assumed that changes
in the miRNA profile present in obese individuals will be
reversible under the effect of therapeutic interventions leading
to weight loss. The proof of this assumption are the results of
studies that showed that owing to physical activity the level
of miR-222 reduced in pre-diabetes increased in healthy
subjects and the expression of miR-21 and miR-221 reduced
in obese individuals also increased. Increased expression of
some miRNAs was also observed after bariatric surgery or
metformin treatment which indicates that the level of these



types of miRNA closely correlates with body weight and
tissue sensitivity to insulin [34].

On the basis of the obtained information which miRNAs

play a significant role in the metabolism of adipose and other
insulin-dependent tissues, it will be possible in the future to
develop new therapeutic methods in the treatment of obesity
and associated diseases such as type 2 diabetes. These methods
will be based on the strategy of blocking endogenous miRNAs
with increased activity or on induction of miRNAs with
decreased expression in the course of obesity [31]. Further
research is needed to better understand miRNA function
and to use the acquired knowledge for diagnostic purposes
and above all to develop new therapeutic strategies in the
treatment of obesity and its complications.

CONCLUSION

Knowledge about the role of epigenetic processes in the

etiology of obesity is still incomplete. Better understanding of
epigenetic mechanisms underlying the development of obesity
is an important element in the creation of highly individualized
strategies for the prevention and treatment of this global epidemic.
With regard to epigenetic research in the field of obesity and
its complications, the first step is to identify epigenetic markers
associated with the risk of obesity and to indicate those that
can be modified by exercise and active diet components. The
next step will be to work out nutritional recommendations
and other elements of healthy lifestyle, counteracting adverse
epigenetic changes that lead to obesity [7]. Identification of
specific changes in the methylation pattern of genes whose
protein products are associated with weight regulation, histone
modification or changes in the miRNA profile in humans will
help predict individual susceptibility to the development of
obesity and allow for the development of an effective obesity
prevention and therapy plan [1, 7]. Taking into account patients
individual conditions resulting from genetic diversity and the
presence of specific epigenetic changes will contribute to the
increase of the effectiveness of therapy reducing excess body
weight as well as to achieve permanent treatment effects.
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SUMMARY

Introduction: Post- thrombotic syndrome (PTS) is the most common complication of deep vein thrombosis (DVT), and develops in 20-50%
of patients after a proximal DVT. Balneotherapy and hydrotherapy is justified in treatment of primary or post-thrombotic chronic venous
insufficiency (CVI).

Material: A review of articles was done in electronic databases Pubmed and Medline by keywords: postthrombotic syndrome, chronic venous
insufficiency in conjunction with balneotherapy, hydrotherapy, kinesitherapy, coagulation.

Results: Main risk of PST is considered as extensive proximal character of DVT, pre-existing CVI, older age, high body massindex, pre-existent
varicosities. PTS refers to clinical manifestations of CVI, and is common cause of unilateral CVI. The thrombus itself may lead to venous valves
destruction and reflux. The Villalta PTS scale may define and classify the severity of PTS Venous leg ulcers is the most advanced clinical
manifestation of the disease. Prevention of PTS begins with prevention of initial and recurrent DVT includes use of compression stockings and
anticoagulant medications. Treatment guidelines recommend anticoagulant therapy - five days with heparin followed by three months of oral
anticoagulant after acute event, with subsequent long-term of extended therapy depending on patient’s risk of recurrence. Recent clinical
trials indicate that the use of new anticoagulants (NOAS) reduces the incidence of PTS. Ultrasound compression test of the leg veins evaluates
the degree of obstruction by clots. Medical therapy of CVI has still not efficient. Carbon dioxide baths and ozone baths have favorably affect
hemostasis system. However there are only a few controlled studies evaluating effects of balneotherapy in primary and post-thrombotic CVI.
The favorable effect of these mineral baths may result from both hydrostatic effects as well as the contribution with specific chemico-physical
properties. The controlled trials (in patients with (3 -C5 stage) shown that balneohydrotherapy and kinesitherapy have decreased signs and
symptoms in patients with primary and post - thrombotic CVI.

Conclusions: The Health Resort treatment of patients with CVI in the mechanism of post-thrombotic syndrome should be preceded by
evaluation of the venous system of the lower limb by compression ultrasound. Balneotherapy and hydroteraphy seem to be effective and safe
procedures even in patients with advanced primary and post-thrombotic CVI stage.

Key words: post-thrombotic syndrome, chronic venous insufficiency, leg ulcer, balneotherapy, hydrotherapy, coagulation

STRESZCZENIE

Wstep: Zespét pozakrzepowy (ZPZ) stanowi czesta komplikacje (w 20-50%) zmian zakrzepowo-zatorowych uktadu zylnego koficzyn dolnych.
Balneoterapia i hydroterapia moga mie¢ znaczenie w leczeniu pierwotnej i pozakrzepowej przewlektej niewydolnosci zylnej (PNZ).
Materiat: Przeglad artykutéw w bazach elektronicznych Pubmed i Medline wedtug haset: pos-tthrombolic syndrom, chronic venous insuffi-
ciency, w potaczeniu z hastami: balneotherapy, hydrotherapy kinesitherapy, coagulation.

Wyniki: Gtéwne czynniki ryzyka ZPZ to zmiana zakrzepowo-zatorowa 2yty proksymalnej koriczyny dolnej, obecna PNZ lub zylaki, podeszty wiek,
wysoki indeks masy ciata. Kliniczne objawy i zmiany ZPZ odnosz3 sie réwniez do PNZ. Zakrzep w ukfadzie zylnym korczyny dolnej powoduje
destrukeje uktadu zastawek zylnych i wsteczny refluks krwi. Skala kliniczna ZPZ Villalta definiuje i przedstawia stopient zaawansowania ZPZ.
W postaci najbardziej zaawansowanej moze wystepowac owrzodzenie zylne. W leczeniu zylnej zmiany zakrzepowo-zatorowej, ktdre stanowi
réwniez prewencje ZPZ, stosuje sie heparyne drobnoczasteczkowa przez 5 dni z jednoczesnym podaniem leku doustnego (acenokumarol lub
warfaryne) przez 3-6 miesiecy. Jednocze$nie leczenie Srodkami mechanicznymi, gtéwnie poriczochami uciskowymi. Niedawne préby Kliniczne
wskazuja, ze stosowanie nowych lekéw przeciwkrzepliwych - inhibitoréw czynnika X i trombiny, zmiejsza czesto$¢ ZPZ. Istotna jest ocena uktadu
2ylnego koriczyny za pomoca ultrasonograficznego testu uciskowego, gdy ucisk 2yt przez sonde ultradzwiekowa pozwala oceni¢ wystepowanie
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ilokalizacje zmiany zakrzepowej. Leczenie farmakologiczne PNZ jest mato skuteczne, stad rola kinezyterapii, balneoterapii i fizykoterapii. Wsréd
klasycznych zabiegdw stosowanych w uzdrowisku, kapiel kwasoweglowa i stosowanie zabiegéw z uzyciem ozonu wptywaja korzystnie na
uktad hemostazy. Randomizowane préby kliniczne wskazaty zmniejszenie dolegliwosci i objawdw u pacjentéw leczonych balneofizykoterapia
i kinezyterapia, rowniez w zaawansowanym stadium (C3-C5) pierwotnej i w mechanizmie zespotu pozakrzepowego PNZ.

Whioski: Leczenie uzdrowiskowe pacjentow z PNZ w mechanizmie zespotu pozakrzepowego powinno by¢ poprzedzone oceng uktadu zylnego
koriczyny dolnej metoda ultrasonografii kompresyjnej. Stosowanie sesji intensywnego leczenia hydroterapia i balneterapig w uzdrowisku jest
efektywne i bezpieczne rowniez w zaawansowanym stadium pozakrzepowej PNZ.

Stowa kluczowe: zespét pozakrzepowy, przewlekfa niewydolnos¢ zylna, balneoterapia, hydroterapia, owrzodzenie zylne, krzepniecie

The post- thrombotic syndrome (PTS) develops following
a deep vein thrombosis (DVT) of the leg. PTS is the most
frequent complication of DVT, which occurs in 20 to 50%
of cases after DVT. Of those, 5-10% may go on to develop
severe PTS involving venous ulcers [1]. The disease term
venous thromboembolism includes the development of
either DVT or pulmonary embolism [2]. DVT develops most
commonly in the legs. Although the etiopathogenesis of
DVT is not fully defined, the pathophysiologic mechanisms
may based on early presented Virchow’s triad [3] including
hypercoagulable state, endothelial injury and venous
stasis. Other related mechanisms include activation of
immune system and microparticles in the blood [4].
DVT is caused mainly by thrombophilia, acquired or
inherited alterations of coagulation and/or fibrinolysis
which turns to hypercoagulable state. Provoked DVT
occurs in association with acquired risk factors such as
surgery, trauma, hospitalization, immobility, sedentary live
style, obesity, the chronic diseases like nephritic syndrome
(hypoalbuminemia), inflammatory bowel diseases, and
hyperhomocysteinemia due to a deficiency of vitamins
B12, B6 or folate [5]. Hereditary genetic abnormalities
include factor V Leiden, which makes factor V resistant
to inactivation by activated protein C, gene mutation of
methylenetetrahydrofolate reductase (MTHRF) related to
hyperhomocysteinemia, and the genetic variant prothrombin
G20210A [6].Clinically DVT is life - threatening condition.
Acute DVT is characterized by pain, swelling and is
usually occlusive, which means that it obstructs blood
tflow, whereas non-occlusive DVT is less symptomatic.
DVT cases without acquired or inherited states are called
unprovoked or idiopathic.

Reported risk factors of PTS include extensive proximal
character of DVT, pre-existing CVI (especially with mild
or severe contralateral leg venous ectasia), older age, high
body mass index, preexistent varicosities, and poor quality
of anticoagulation control i.e. dose too low during the first
3 months of treatment [7]. PTS is diagnosed primarily on
the basis of the presence of typical symptoms and clinical
signs in a limb that was affected by DVT. It is recommended
the Villalta PTS scale to define and classify the severity of
PTS [8] (Table 1).
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Since signs and symptoms of DVT and PTS may be
quite similar, a diagnosis of PTS should be delayed for 3-6
months after DVT diagnosis. The PTS following DVT refers
to clinical manifestations of chronic venous insufficiency
(CVI). On the hand patients with even mild primary CVI
constitute a group at increased risk of developing PT'S [1,7].
Thus both entities are strictly related. The CEAP (Clinical-
Etiology-Anatomic-Pathophysiologic) classification system
is simple and useful for CVI evaluation and management [9].
Varicose veins (CEAP stage C2-C3) are common, which have
an estimated prevalence 25% in the adult population, with
a female predominance of 3:1, and 5% of patients develop
venous ulcer [10]. CVIis designated to classes C3 and above
of CEAP classification.

The main increase risk of CVI is considered in familial
history and obesity. Quite a common cause of unilateral CVI
is PTS Congenital predisposition to damage to the venous
valves and more pressure on leg veins in increased weight,
both may cause partial obstruction, hypertension , and venous
reflux, a main features of CVI. In PTS the thrombus itself
may lead to venous valves destruction, venous obstruction
and reflux. In pathophysiology of both primary or post-
thrombotic entities inflammation also may contribute to
damaged venous valves and stiff, fibrotic vein wall, which in
turn predispose to venous valve reflux and hypertension. CVI
is prone to occurrence of clinical and subclinical thrombosis.
Devell et al [11] shown that patients with CVI, even with
uncomplicated varicose veins (CEAP clinical grade 2 to 3),
and mostly with venous ulcers (CEAP C5 to C6) of lower limb
have a higher prevalence of thrombophilia than an age- and
sex-matched control population without evidence of venous
disease. In addition patients with advanced stage of CVI
(CEAP C5 and C6) were also significantly more likely to have
multiple thrombophilias than controls. Taking into account
that thrombophilia my be risk factor for the development of
CVI, especially in advanced stage with ulcers, these authors
postulated applying warfarin or new oral anticoagulants
(NOAC:s) to prevent and treat the complications of lower
limb venous disease. In patients with PTS after DVT an
increased levels of factor VIII, C-reactive protein (CRP)
and D-dimer as well as impaired fibrinolysis are predictive
factors of residual thrombosis [12].
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Table 1. Villalta’s PTS scal

Symptoms and signs None Mild Moderate Severe
Symptoms
Pain 0 points 1 point 2 points 3 points
Cramps 0 points 1 point 2 points 3 points
Heaviness 0 points 1 point 2 points 3 points
Paresthesia 0 points 1 point 2 points 3 points
Pruritus 0 points 1 point 2 points 3 points
Signs

Pretibial edema 0 points 1 point 2 points 3 points
Skin induration 0 points 1 point 2 points 3 points
Hyperpigmentation 0 points 1 point 2 points 3 points
Redness 0 points 1 point 2 points 3 points
Venous ectasia 0 points 1 point 2 points 3 points
Compression  pain on calf 0 points 1 point 2 points 3 points

Venous ulcer Absent Present

Atotal score is ranged 0-33 points. PTS is diagnosed by a total score of >5 or the presence of a venous ulcer. Mild PTS; score is 5-9, moderate PTS; score 10-14, and severe PTS if the Villalta score is >15

ora venous ulcer is present

Prevention of PTS begins with prevention of initial and
recurrent DVT. A group at high risk patients of developing PTS,
obese patients or patients with even mild venous insufficiency
should deserve particular attention. The incidence and the
severity of PTS may reduce immediate mobilization with
compression in the acute stage of DVT [13, 14] . For patients
hospitalized at risk of PTS, prevention includes compression
stocking and anticoagulant medications [7].Treatment
guidelines recommend anticoagulant therapy five days with
heparin followed by three months of oral anticoagulant after
acute event, with subsequent long-term of extended therapy
depending on patients risk of recurrence [15].

Patients with unprovoked DVT should be treated with
anticicoagulant drugs for at least 6 months [16]. Interestingly
recently developed NOACs, anti - activated factor X (rivaroxaban,
apixaban, and edoxaban), or generated thrombin (dabigatran)
may be more effective in a reduction in the incidence of
PTS [17, 18]. Patients who are receiving NOACs therapies
do not need monitoring of IRN ratio and heparin bridging.
Ultrasonography by compressing the veins with the ultrasound
probe of the leg veins e.g. ultrasound compression test must
be performed to evaluate the degree of obstruction by clots,
the location of these clots, and the detection of deep and/
or superficial venous insufficiency [19]. Patients with PTS
and delayed recanalization, and venous reflux should obtain
extended anticoagulation [16, 20].

Balneotherapy and pyhysiotherapy is justified in secondary
prevention and treatment of primary or post-thrombotic
CVI of the lower limbs. It should be noted that the treatment
in Health Resort of patients with CVI may begin by at least
six months after the clinical features of DVT have been
resolved. However kinesitherapy is often preferable earlier

after DVT in patients without open venous leg ulcer. Some
authors [ 21] indicate six month after DVT, a program with
strengthening, stretching and aerobic components (e.g.,
walking, jogging) designed to improve leg strength and
leg flexibility. It is documented that kinesitherapy results
in improved circulation in the lower limbs, formation of
collateral circulation, and in addition reduction of blood
viscosity and increased fibrinolytic activity [22]. Carbonic
dioxide baths is recommended in CVI which has favorably
affect on hemostasis| 23, 24] .Ozone therapy in the form
of partial gas bath exerts a positive influence on the blood
viscosity and haemostasis by inducing fibrinolytic activity and
adecrease fibrinogen level [25]. The hydrotherapy treatments
in the CVIindicated that water should have a relatively cool
temperature. Hot baths and mud wraps are not recommended.
It is worth noting the impact of hydrotherapy treatments on the
hemostatic. The Japanese authors have shown that in healthy
volunteers, a very hot limb bath (46°C -47°C) (hyperthermic
stress) applied for 3 min, then with a gradually reduced
temperature, inhibits the fibrinolytic activity as well as an
increase in platelet activation, which may promote thrombotic
complications [26]. Compression therapy provides a means
to treat venous stasis, venous hypertension, venous edema
and lymphedema. Stockings with a pressure between 30 and
40 mmHg are recommended [27]. Objectives of compression
therapy are to reduce the swollen limb to minimum size.
Technique of massage called manual lymphatic drainage is
also advocated [28].

Venous leg ulcers is the most advanced clinical manifestation
of the disease. First-line treatment for venous leg ulcers is
compression therapy, leg elevation, and regular physical exercises
eg, marching, walks, swimming, and cycling [29]. For venous
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ulcers, high compression pressures of at least 40 mmHg at the
ankle level should be used [27]. The topical therapies include
debridement, formation of granulation tissue, inhibition
of proteases, moisture control and matrix constructs [30].
Ulcers my be colonised by bacteria, thus topical antibiotics
or antiseptics are necessary. Cochrane database indicates
the use of cadexomer iodine, but effectiveness of peroxide
preparations ethacridine lactate, chloramphenicol remains
future studies [31]. Hyperbaric Oxygen Therapy (HBOT)may
improve healing of refractory venous leg ulcers [32].

In 15%-21% of patients, ulcers of mixed venous-
arterial etiology occur, which are more resistant for typical
treatment as pharmacological therapy and compression
stockings [33]. For mixed etiology ulcers compression
pressures below 30 mmHg at are recommended [34]. In
fact a venous ulcer can be differentiated from an ischemic
ulcer. Ischemic ulcers are usually deeper than venous ulcers
and often have gangrenous edges or base. Recently Polish
investigators presented case report of a 58-year-old patient
with painful chronic ulcers of mixed venous-arterial etiology,
resistant to conservative therapy. Beneficial effects have
been obtained by using the device laserobaria-S for local
combined physical therapy including hyperbaric oxygen,
extremely low-frequency (ELF) variable magnetic field,
and low-energy light radiation [35].

Although balneotherapy are widely recommended during
treatment of CVIin Health Resort there are few comparative
(controlled) studies presented evidences that these methods
improved the signs and symptoms of the disease. Italian authors
[36] indicated beneficial effect of mineral baths containing
salsojodic or salsobromojodic, or brines containing iodine or
bromine in patients with CVI. The mineral waters chlorosodic
and chlorosodic iodinated - brominated are also present
in Nigeria [37]. These waters are still a potential source of
balneotherapy especially for foreign tourists. However it should
be noted that in the cases of CVI treatment a mineral water
should have a moderate cool temperature. The controlled clinical
studies showed significant improvement of CVI signs such as
itch, paresthesias, pain, heaviness, and objective symptoms,
namely edema and skin ectasia. The favorable effect of these
mineral baths may result from both hydrostatic effects and
the contribution with specific chemico-physical properties.
However a significance of each chemical compounds remains
further studies.

Forestier et al. [38] presented a comparative assessment to
a group of 99 patients with CVIin the third and fourth degree
of CEAP, who were treated by three weeks in Thermal Center
with standard protocol, and additionally applied pouring
water using Kneipp methods, exercise in a mineral water
pool, and a gentle underwater massage. In this group, three
months after the trial 66% treated patients with hydrotherapy
reported a resolution or a marked improvement of symptoms
(parasthesia, pain, feeling of heaviness) and sings (skin lesions,
edema) compared to the group of patients with CVI treated
without hydrotherapy. Recently Carpentier and Satger [39]
presented a multicenter randomized controlled trial evaluating
balneotherapy and hydrotherapy in patients with advanced
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CVL. Inclusion criteria were primary or post-thrombotic CVI
with skin changes but no active ulcer, included C4 and C5
stages of CEAP classification. The treatment consisted of four
balneotherapy sessions per day during 3 weeks. The sessions
included a 15-minute walking session using mineral waters of
La Léchére, in pool with tracks in semi-deep, cool (28°C) water
; 2 20-minute whirlpool bath session with automatic air and
water massage cycle; a 10-minute bath session with underwater
massaging jets; and a 10-minute massage session of the leg
and ankle skin areas or a 15-minute joint mobilization session
in a deep, warm (34°C) pool. Particular attention was paid to
thromboembolic events. There was no significant difference
in episodes of vein thrombosis between the treatment group
and control group; most of these events were minor. This study
indicates that balneotherapy of patients with primary and
post- thrombotic CVI significantly improves symptoms, and
this effect is long lasting, although not reducing the incidence
ofleg ulcers. In this context balneotherapy can be considered
as a possible chance to improve some subjective and objective
symptoms of primary and post — thrombotic CVI of inferior
limbs, and to prevent worsening of this condition.
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SUMMARY

Mammary gland cancer, commonly known as breast cancer, is the most common malignancy in women in Poland. The occurrence of the disease
and its treatment are associated with a decrease in physical fitness and endurance of the body, and also make it difficult to meet basic life needs
and result in a deterioration in the quality of life. The aim of the study is to present physical activity in women with breast cancer and after
mastectomy. Analysis of professional literature and available research results in patients undergoing oncological therapy in the treatment of
breast cancer indicates the need for them to undertake physical activity and physiotherapy in order to minimize the effects of chemotherapy,
radiotherapy, and mastectomy. Analysis of studies in terms of the impact of physical activity on the rehabilitation and recovery of patients
with breast cancer showed a significant impact of physical fitness on bone mineral density as the most important factor in the development
and maintenance of normal bone metabolism. Physical exercises have also been shown to have a positive effect on patients during and after
treatment. Regular physical exercise in women treated for cancer is essential and has a significant impact on reducing muscle deficits and
the entire skeletal system.

Key words: physical activity, breast cancer, mastectomy, rehabilitation

STRESZCZENIE

Rak sutka zwany potocznie rakiem piersi jest najczestszym nowotworem ztosliwym u kobiet w Polsce. Wystapienie choroby i jej leczenie
wiaza sie z obnizeniem sprawnosci fizycznej, wydolnosci organizmu, a takze utrudniaja zaspokojenie podstawowych potrzeb zyciowych oraz
skutkuja pogorszeniem jakosci zycia. Celem pracy jest przedstawienie aktywnosci fizycznej u kobiet z rakiem sutka i po mastektomii. Analiza
literatury fachowej oraz dostepnych wynikéw badan u pacjentek poddanych terapii onkologicznej przy leczeniu nowotworu piersi wskazuje
na koniecznos¢ podjecia przez nie aktywnosci fizycznej i fizjoterapii w celu zminimalizowania skutkéw chemioterapii, radioterapii i mastek-
tomii. Analiza badari pod katem wptywu aktywnosci fizycznej na rehabilitacje i powrét do zdrowia pacjentek z choroba nowotworowa sutka
wykazata istotny wptyw sprawnosci fizycznej na gestos¢ mineralna kosci, jako najwazniejszego czynnika rozwoju i zachowania prawidtowego
metabolizmu kostnego. Dowiedziono rdwniez, ze ¢wiczenia fizyczne maja pozytywny wptyw zardwno na chore w trakcie leczenia, jak i po jego
zakoriczeniu. Regularne ¢wiczenia fizyczne u kobiet leczonych z powodu nowotworu s niezbedne i maja znaczacy wptyw na ograniczenie
deficytu czynnosci migdni i na caty uktad kostny.

Stowa kluczowe: aktywnos( fizyczna, rak sutka, mastektomia, rehabilitacja

Acta Balneol, TOM LXII, Nr 2(160);2020:103-107

INTRODUCTION in physical fitness, endurance of the body, and also make it

Mammary gland cancer, commonly known as breast  difficult to meet basic life needs and result in a deterioration
cancer, is the most common malignancy of mammary gland  in the quality of life.

originating from epithelial tissue. It is also one of the most Physical activity is an important element of human

common cancers of women in Poland. The occurrence of life, it has a serious impact on the prevention of numerous

the disease and its treatment are associated with a decrease  diseases, including cancer, and on recovery in the event
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of the appearance of the disease. Actively guided activity
accelerates recovery and physical fitness during recovery.
It has a positive effect on the physical and mental sphere of
patients, positively affects the whole body, and improves its
efficiency and performance. It additionally supports the work
of the circulatory and immune systems, delays the effects of
aging and prevents overweight, improves mood and has a
positive effect on mental health [1]. One of the risk factors
for developing breast cancer in postmenopausal women is
overweight and obesity. Exercise reduces this risk just like
a proper diet. Physical activity also prevents complications
after surgery, reduces the risk of recurrence of the disease
and helps maintain good health [2].

For the consecutive process of rehabilitation and recovery,
the moment when the disease was diagnosed, with its stage,
course and subsequent stages of treatment and attitude of the
patient, i.e. the mental state in which it is, is crucial. Screening,
such as mammography, allows for early detection of lesions and
determination of the nature and implementation of appropriate
therapy. Early diagnosis enables recognizing and treatment
in the early stages of the disease and increases the chance of
full recovery. When the tumor is palpable, symptoms such as
contracting of the nipple appear as well as cancerous navel,
lymphatic involvement with local lymphoedema and the
appearance of an orange peel. Symptoms may also include
redness of the skin, leakage from the nipple and significant breast
asymmetry. Various factors influence treatment and prognosis.
The size of the primary focus, lymph node involvement, tumor
malignancy according to histological scale, lymphatic vessel
involvement, presence or absence of estrogens and proestrogens,
assessment of cancer cell proliferation and aneuplody and
ERBB2 overexpression are all important [3].

In patients who have had mastectomy of one or both
breasts in the treatment of breast cancer, or preventative
mastectomy has been introduced when genes responsible for the
development of the cancer have been detected, physiotherapy
and a special form of physical activity must be used to improve
patient’s condition. Patients require constant rehabilitation
during and after treatment. The most important form is
physiotherapy of the upper limb on the side of the operated
breast, the right way of exercising, arranging and massaging.
These procedures are aimed at reducing lymphoedema in
patients after removal of armpit lymph nodes. Rehabilitation
also plays an important role in palliative treatment of breast
cancer. It should be conducted by a physiotherapist with
extensive experience and high professional qualifications so as
not to worsen the patient’s condition. Physical activity of the
patients also plays an extremely important role. In addition to
rehabilitation, it is an important factor supporting recovery
and functioning in society and significantly improving the
quality of life.

The aim of the work is to present physical activity in
women with breast cancer and those after mastectomy.

METHODS

The research method was the analysis of literature and
available scientific publications from PubMed. Forty papers in
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Polish and ten in English from December 2018 and January
2019 were analyzed. Keywords based on which publications
were searched were physical activity, rehabilitation, breast
cancer, mastectomy.

DISCUSSION

Analysis of professional literature and available research
results in patients undergoing oncological therapy in the
treatment of breast cancer indicates the need for them to
undertake physical activity and physiotherapy in order to
minimize the effects of chemotherapy, radiotherapy and
mastectomy. As a result of mastectomy, motor performance
is impaired, which is expressed by reduced overall physical
performance, impaired coordination and increased overload
of the locomotor system. One of the key aspects of reducing
postoperative complications and maintaining health is broadly
understood physical activity.

The analyzed results of the research carried out by
Wysoczanska et al. [4] show that the high toxicity of
chemotherapy and its effect on the skeletal system manifests
itself at various stages of treatment. The conducted studies
showed that 62% of the examined patients treated for breast
cancer experience disorders resulting from the treatment,
including 27% being severe sequelae, and in nearly 24% - a
dysfunction of more than of one organ. The research has also
proved that reduced physical activity of patients, associated
with long-term treatment, limited sun exposure due to a history
of illness, low supply of vitamin D, contribute to osteopenia
and osteoporosis as well as obesity, which additionally burden
the skeletal system [5].

Analysis of the literature, in terms of the impact of physical
activity on the rehabilitation and recovery of patients with
breast cancer, showed a significant effect of physical fitness
on bone mineral density as the most important factor in the
development and maintenance of normal bone metabolism
[6]. Physical exercises have also been shown to have a positive
effect on patients during and after treatment. Physical activity
is of great importance for health, its participation in motor
and somatic development is extremely important. It also
provides physical and psychological benefits, affects normal
bone metabolism and limits excessive weight gain caused
by the sparing lifestyle of the patient [7]. Lack of physical
activity caused by a sedentary lifestyle, significant mobility
restrictions caused by malaise, pain, swelling of the upper
limbs, a small amount of time spent outside, usually staying
indoors and the use of glucocorticosteroids that further reduce
fat oxidation - lead to obesity, lowering vitamin D levels and
calcium and phosphate disorders. Therefore, awareness of
the consequences of cancer treatment inclines patients to
prevent them through appropriate treatment modifications
and implementation of appropriate prophylaxis in the form
of physical activity. This helps to avoid osteoporosis and
numerous pathological fractures in the future.

The examined patients cited domestic duties, lack of
time and health as the main barriers to their participation
in physical activity. Comparison of the subjective assessment
of the level of physical fitness of women after treatment of
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breast cancer in relation to women without cancer showed
that no statistically significant differences were found. Both
groups of women surveyed for the most part assessed their
level of physical fitness as “satisfactory” and expressed their
belief that it is necessary to take care of physical activity and
rehabilitation during convalescence.

In undertaking physical activity by oncological patients, the
participation of doctors and physiotherapists in motivating them
to undertake systematic exercises and physical activity turns
out to be important. This is conducive to the implementation
and consolidation of positive health behaviors associated
with this activity. The history of surgery due to breast cancer
significantly increased the frequency of exercising gymnastics,
which may indicate an increase in awareness of the need for
physical activity after treatment [8]. It also has a positive
effect on the healing process and the physical and mental
state of the sick.

The analysis of physical activity of 115 women after surgery
due to breast cancer carried out by Prokopowicz et al. [8]
allowed describing physical activity before and after the
disease. Among the surveyed women, 19% participated
in undertaking physical activity in a systematic manner,
47% irregularly, and 34% did not participate in any form of
physical activity, at al. Occurrence of cancer, its treatment
and rehabilitation mobilized 58% of the surveyed woman
to undertake regular physical activity [8]. Women indicated
that the most frequently chosen forms in the post-treatment
period were: gymnastics, walking and swimming. Significant
differences were also observed when comparing forms among
women who had undergone breast cancer surgery versus
women without cancer. As the main reason for undertaking
physical activity in both examined groups, women emphasized
their desire to improve health, physical fitness and well-
being. However, they pointed out that the main reasons
hindering them from full participation in physical activity
after breast cancer surgery were health problems associated
with the treatment process, household chores and lack of
time. Barriers such as insufficient offer of physical activity
classes, access to sports facilities, professional duties, material
situation or lack of support from relatives were mentioned
much less frequently. An important reason for neglecting
physical activity were professional duties.

These results are consistent with the results of studies
developed by Malicka et al. [9], which show that the majority,
as many as 82% of women after surgery, spent more time on
physical recreation than in the period before surgery, and
only 20% had no systematic physical activity. Similar results
were also obtained by Karczmarek-Borowska et al. [10]. Their
research showed that 60% of the surveyed women participated
in physical activity classes several times a week, and 18.3%
of the respondents chose total inactivity after mastectomy.
In their study, the authors most often mention such forms
of physical activity as: gymnastics, walks, swimming, water
exercises, dancing, tourist trips, nordic walking [10-13]. The
main barriers of participation in physical activity mentioned
by women after breast cancer treatment were household duties,
lack of time and health. Other authors also state restrictions
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such as old age, fatigue, pain and reluctance to exercise. Among
the listed reasons, there are also barriers closely related to
the effects of the disease and its treatment. They include
secondary lymphoedema, fear of pain, lack of information
about the permissible type of activity, bad mood, depression
and apathy [12]. Research conducted by Ridan et al. [11]
revealed that women after surgery for breast cancer most often
had a high awareness of the need for physical activity after
mastectomy 55% of those aged 37-57 and 60% of those aged
58-84 and only a small percentage of respondents answered that
physical activity is unnecessary. In the studies of Malicka et al. [9],
as many as 96% of respondents stated that regular participation
in physical activity after oncological treatment is necessary
and contributes to faster recovery. The examined women were
also aware of the impact of physical activity as a factor in
secondary prevention of cancer. In the research of Karczmarek-
Borowska et al. [10], half of the respondents believed that
physical activity is important in preventing recurrence of breast
cancer, however 36.7% did not have such information. The
authors of the presented studies emphasize in their works the
beneficial effect of medium intensity exercises on improving
the functioning of the circulatory and respiratory system and
increasing the efficiency of the body. They also believe that
systematic physical activity can alleviate the negative effects of
cancer treatment [14]. It should be noted that Malicka et al. [15]
state that regular physical exercise in women treated for
cancer is essential and has a significant impact in reducing
the deficit of muscle function and the entire skeletal system.
Women participating in regular training also show improved
exercise capacity compared to inactive women. As one of the
safe forms of physical activity in this group of patients, the
authors indicate nordic walking (after appropriate instructions
on how to hold the sticks), which improves muscle function of
the upper limb on the side of the operated breast, which does
notlead to the risk of lymphoedema. Thanks to this activity,
the lymph is regularly drained and does not accumulate,
which prevents swelling and pain.

Research conducted by Kaczmarek-Borowska [10] showed
that due to physical activity 76.7% of the surveyed women
feel better, moreover 55% of them think they have more
energy and better condition. Half of the respondents believe
that physical activity is important in the prevention of breast
cancer and other cancers. According to a large number of
respondents, physical activity greatly helped them recover
after surgery. The conviction about the beneficial effects of
movement, independent exercises of patients and rehabilitation
on recovery and physical and mental fitness motivates them
to undertake physical activity after surgery.

Similar conclusions can be drawn after analyzing the
results of a study conducted on a group of 60 women who
are members of the ‘Mielec Amazon Club’ They were asked
to complete a survey about demographics and physical
activity in general. In addition, they completed a detailed
International Physical Activity Questionnaire (IPAQ) assessing
physical exertion related to professional work, housework
and housekeeping, family care, recreation, sport, and free
time physical activity [16]. A general survey found that just



over half (51.7%) of patients recognized the large role of
physical activity in their lives. The same amount answered
that health is the most important goal of exercise. Among
the women, 60% engage in physical activity several times a
week, usually at home and in Amazon Clubs, while 8.3% do
not take any exercise. The most common activity indicated by
women is walking (83.3%) and going to the swimming pool
(55%). Some of them undertook exercises to make themselves
happy, improve their physical and mental condition. The
patients answered that after exercise they feel better, have
more energy and are more confident. Physical activity also
has a positive effect on their mental state. The research also
showed awareness of physical activity for the prevention of
cancer and prevention of possible recurrences. Half of the
respondents believed that physical activity was important
in preventing the recurrence of breast cancer, while 36.7%
did not have such information. Half of the women found a
lack of time as an obstacle to physical activity, while 20%
of women mentioned lack of opportunities and reluctance
to exercise as significant obstacles. The examined group of
women confirmed the beneficial effect of physical activity on
the healing process and general well-being. Due to physical
activity, 76.7% of respondents feel better, and 55% of women
think they have more energy and better physical fitness.

On the other hand, the vast majority of respondents believe
that physical activity in their case improved their confidence,
relationships with people and life attitude (73.3%). As forms of
physical activity, most often, in as many as 94% of respondents
take physical activity related to walking, dancing, tourist
trips [17]. Lewicka-Wybraniec et al. [18] emphasize that
physical activity is very important, not only increases mobility,
but also contributes to reducing the risk of many diseases,
including breast cancer. According to Madetko et al. [19],
physical activity is also of great importance in the course
of the perioperative period and further prognosis, it can
prevent complications and also contribute to improving
the quality of life.

Studies conducted on a group of 80 women after radical
unilateral mastectomy by Ridan et al. [11] evaluating the physical
activity of women after mastectomy, in relation to the level
of pre-surgery activity presented prove that the comparison
of motivation to exercise before and after surgery indicated a
statistically significant difference in doing exercises motivated
by doctor’s recommendations. A comparison of the subjective
assessment of one’s own physical fitness before surgery and
currently showed a statistically significant increase in this
assessment at present. Research has shown that the type of
physical activity did not change statistically significantly after
the procedure, in the case of walking, dancing, gym and other
activities such as housework or outdoor work.

Similar studies conducted by Hashemi et al. [20] report
that women, when they are diagnosed with breast cancer,
change their eating habits, but at the same time do not
increase physical activity, despite its beneficial effect on the
quality of life and prevention of further cancer development.
At the same time, the authors ask whether increasing women’s
knowledge about the benefits of physical activity in cancer
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prevention and raising living standards will increase the activity
undertaken. Answers to the questions of Hashemi et al. can be
found in the analysis of studies collected by Ridan et al. [11].
They show that 68.75% of women surveyed had knowledge on
how to reduce the risk of disease recurrence due to physical
activity, but at the same time 92.50% of the surveyed women
gave medical recommendations as motivation to undertake
exercises, and only 56.25% were aware of the impact of exercise
on the overall condition as well as physical and mental health.
It follows that medical recommendations have an important
impact on physical activity.

Other studies conducted by Hsieh et al. [14] prove that
systematically controlled exercises of medium intensity
improve the functioning of the circulatory and respiratory
system and increase the efficiency of the body regardless of
the type of cancer treatment. The authors of the study believe
that moderate physical activity weakens the negative effects
of cancer treatment. The research of Pierce et al. [21] shows
that physically active women who have been diagnosed with
invasive breast cancer have a lower risk of recurrence of the
disease compared to women leading a sedentary lifestyle.
Appropriate physical activity after diagnosis of breast cancer
helps to maintain adequate body weight and prevent other
complications occurring in patients after this disease.

RESULTS

The authors’ research shows that physical activity is a
factor that positively affects the level of quality of life of the
respondents. Physically active patients have a much higher
quality of life rating than patients who did not exercise.
The low level of physical activity of some of them is closely
associated with poor physical health and depression symptoms.
According to the authors of the study, changing the lifestyle
of patients after breast cancer treatment, physical exercises
conducted under the guidance of specialists, matched to the
needs and capabilities of patients will have a positive effect
on their functioning. In their research, many other authors
emphasize the positive impact of their activities, both in
terms of improving performance parameters and overall
physical and mental fitness.

The authors of the study observed that women diagnosed
with breast cancer have sporadic physical exercise. However, in
some women who have undergone mastectomy, a decrease in
physical activity that is caused by pain, swelling and physical
problems. The authors’ research shows that physical activity
is a factor that positively affects the level of quality of life
of the respondents. Physically active patients have a much
higher quality of life rating than patients who did not exercise.
According to the authors of the study, changing the lifestyle
of patients after breast cancer treatment, physical exercises
conducted under the guidance of specialists, matched to
the needs and capabilities will have a positive effect on their
functioning. Many other authors emphasize in their studies
the positive impact of undertaken activity, both in terms of
improving performance parameters [17, 19], hemodynamic
[11, 12], as well as improving body posture and muscular
strength and range of motion in joints [4,8,11,14], as well
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as the positive impact of physical activity on the quality of
life of women after mastectomy [7,8,9]. Physical activity is
of great importance in the course of treatment as well as in
the prognosis of patients with breast cancer, it can prevent
complications and contribute to improving the quality of
life. In this case, it is important to be aware of women as to
the positive impact of physical exertion on the treatment
process and constant cooperation in this regard with both
the oncologist and the physiotherapist.

CONCLUSIONS

Physical activity has a positive effect on the quality of life
of women with breast cancer and those after mastectomy.

Physical activity has a positive effect on prognosis in
women with breast cancer.

Subjective assessment of quality oflife in physically active
women is higher than in those not participating in physical
exercise.
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STRESZCZENIE

Bdle kregostupa sa powszechnym schorzeniem i cho¢ moga by¢ zlokalizowane w kazdym jego odcinku: szyjnym, piersiowym i ledzwiowo-
krzyzowym, u zdecydowanej wiekszosci pacjentéw dotycza odcinka ledzwiowo-krzyzowego. Zespoty bdlowe kregostupa stanowia wyzwanie
dla wspétczesnej rehabilitacji, zaréwno w kwestii profilaktyki jak i terapii. Duzym problemem o0s6b z zespotem bélowym kregostupa jest po-
stepujaca niepetnosprawnosc, a co za tym idzie pogorszenie jakosci zycia. Pomimo wielu metod leczenia i zasobdw opieki zdrowotnej poswie-
conych bélom kregostupa niesprawno$¢i obciazenie z nig zwigzane s3 coraz wieksze. Wazne miejsce w terapii zespotéw bélowych kregostupa
zajmuja metody fizykalne oraz leczenie uzdrowiskowe.

W pracy przedstawiono zastosowanie balneoterapii i fizjoterapii w najczestszych zespotach bélowych kregostupa, czyli w przewlektych scho-
rzeniach krazkdw miedzykregowych oraz zmianach zwyrodnieniowych kregostupa ledZzwiowo-krzyzowego.

Stowa kluczowe: leczenie uzdrowiskowe, medycyna fizykalna, fizjoterapia, zespot bélowy kregostupa ledzwiowo-krzyzowego

SUMMARY

Back pain is a common disease and although it can be located in any of its cervical, thoracic and lumbosacral sections, however the vast
majority of patients complain of lumbosacral pain. Back pain syndromes has become a challenge for modern rehabilitation, both in the issue
of the prevention as well as therapy. A major problem for people with back pain is progressive disability, and thus a deterioration in the quality
of life. Despite many treatment methods and health care resources devoted to back pain, disability and burden are increasing. An important
place in the therapy of back pain syndromes is occupied by physical methods and health resort treatment.

The work presents the use of balneotherapy and physiotherapy in the most common back pain syndromes, i.e. in chronic diseases of the
intervertebral discs and degenerative changes of the lumbosacral spine.

Key words: health resort, physical therapy, physioterapy, low back pain
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WSTEP

Pomimo wielu metod leczenia i zasobéw opieki zdrowotnej

Boéle kregostupa sg powszechnym schorzeniem i cho¢
moga by¢ zlokalizowane w kazdym jego odcinku: szyjnym,
piersiowym i ledzwiowo-krzyzowym, zdecydowana wigkszo$¢
pacjentow skarzy sie jednak na bél odcinka ledzwiowo-krzy-
zowego. Bol kregostupa w wigkszym lub mniejszym stopniu
dotyka 75-85% $wiatowej populacji, z jednakowa czestoscia
u kobiet i mezczyzn. W 90% przypadkow przyczyna bolu
kregostupa sg zaburzenia mechaniczne, co oznacza, ze dole-
gliwosci powstaja w wyniku draznienia bélowych zakonczen
nerwowych na skutek dzialajacego na nie mechanicznego ucisku.

poswieconych bolom kregostupa niesprawnos¢ i obcigzenie
z nig zwigzane sg coraz wieksze [1, 2].

Zespoly bolowe kregostupa stanowia wyzwanie dla
wspolczesnej rehabilitacji, zardwno w kwestii profilaktyki
jak i terapii. Duzym problemem oséb z zespolem bélowym
kregostupa jest postepujaca niepelnosprawnosé, a co za tym
idzie pogorszenie jako$ci zycia. Wazne miejsce w terapii
zespoléw bélowych kregostupa zajmuja metody fizykalne
oraz leczenie uzdrowiskowe. Kompleksowe postepowanie
fizjoterapeutyczne w zespotach bolowych kregostupa ledzwio-
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wo-krzyzowego najwiekszy nacisk kladzie na walke z bélem
i odzyskanie prawidlowego zakresu ruchomosci w kregostupie
oraz uzyskanie odpowiedniej stabilizacji [3].

W pracy zostanie oméwione zastosowanie balneoterapii
i fizjoterapii w najczestszych zespotach bélowych kregostupa,
czyli w przewleklych schorzeniach krazkéw miedzykregowych
oraz zmianach zwyrodnieniowych kregostupa ledZzwiowo-
krzyzowego.

Kapiele solankowe w basenie z ¢wiczeniami lub kapiele
mineralne w wannie, oktady borowinowe miejscowe, dobrane
indywidualnie zabiegi elektroterapii i kinezyterapia naleza
do zabiegéw podstawowych rekomendowanych do realizacji
w warunkach uzdrowiskowych w standardowym programie
balneoterapii i fizjoterapii w zespolach bélowych kregostupa.
Do zabiegéw uzupelniajacych zalicza sie: krioterapie lub
cieplolecznictwo, hydroterapie, ultradzwigki i masaze [4].

KAPIELE SOLANKOWE

Kapiele solankowe majg dzialanie rozgrzewajace, dzigki
czemu dochodzi do rozluznienia mie$ni, ponadto osadzajace
sie na powierzchni skory krysztatki soli draznia zakonczenia
nerwowe w skdrze prowadzac do zmniejszenia pobudliwo-
$ci zakonczen nerwowych. Dodatkowo kapiele te reguluja
funkcje autonomicznego uktadu nerwowego. W efekcie juz
po kilku kapielach obserwuje sie¢ ostabienie dolegliwosci
bélowych i obnizenie ogdlnej pobudliwosci. Standardowo
stosowane sa w przewleklym bélu zwlaszcza w zmianach
zwyrodnieniowych kregostupa i stawow [5].

KAPIELE RADONOWE

Kapiele radonowe wywieraja delikatne dziatanie prze-
ciwbolowe i przeciwzapalne poprzez pobudzenie kory nad-
nerczy i osi podwzgdrzowo-przysadkowej do zwiekszonego
wydzielania kortykosteroidéw. Dodatkowo radon stymuluje
glikozaminoglikany tkanki Iacznej, pobudza granulocyty,
poprawia transport tlenu w tkankach, ma pozytywny wplyw
na aktywno$¢ neuroprzekaznikéw i normalizuje dzialanie
OUN. Nie ma jednak wystarczajacej liczby badan zgodnych
z EBM, potwierdzajacych catkowite bezpieczenistwo stosowa-
nia radonu. Podobnie nie ma tez ujednoliconych standardéw
okreslajacych jego dawkowanie i stosowanie [6].

W badaniu przeprowadzonym przez Pratzel HG i wsp.
w grupie 98 pacjentéw ze zmianami zwyrodnieniowymi
kregostupa i stawdw, zastosowano w ciagu 3,5 tygodnia
8 kapieli radonowych (20 minut kazda) z radonem o aktyw-
nosci 0,8 kBq/l w temperaturze 36-37°C w grupie badanej
(52 pacjentéw). Grupa kontrolna przyjela kapiele w iden-
tycznych warunkach, ale bez domieszki radonu w wodzie.
W obu grupach zaobserwowano zmniejszenie dolegliwo$ci
bélowych, jednak w trakcie badan kontrolnych (po 4 mie-
siacach) zmniejszenie dolegliwosci bolowych utrzymywato
sie diuzej w grupie przyjmujacej kapiele radonowe. Terapia
radonowa moze by¢ skuteczng metoda w walce ze stanem
zapalnym i dolegliwosciami bolowymi w stawach konczyn
i kregostupa. Badania 130 pacjentoéw z osteochondroza w od-
cinku ledzwiowo-krzyzowym kregostupa (90 pacjentéw ope-
rowanych z powodu przepukliny krazka miedzykregowego)
wykazaly pozytywne dziatanie terapii radonem na uktfad

120

nerwowy i mie$niowy. U wiekszo$ci pacjentéw zaobserwo-
wano poprawe stanu zdrowia; najlepsze wyniki uzyskano
w grupie przyjmujacej kapiele z wyzsza zawartoscig radonu
w wodzie [6].

Liczne przyklady korzysci z terapii radonem sprawiaja,
ze wydaje si¢ ona skuteczng, uzupelniajacg metoda leczenia
schorzen narzadu ruchu, w tym zespotoéw bolowych kregostupa.
Potwierdzono jej pozytywny wplyw na redukcje dolegliwos$ci
bélowych w tych chorobach i dlugi czas dzialania, umozliwia
takze ograniczenie stosowanej farmakoterapii (6).

KAPIELE SIARCZKOWO-SIARKOWODOROWE

Kapiele siarczkowo-siarkowodorowe fagodza stany zapal-
ne, pomagaja w leczeniu dolegliwosci reumatycznych. Prace
badawcze nad wplywem kuracji siarczkowych na leczenie
choréb narzadu ruchu prowadzone sg juz od 1948 roku.
Obserwacje kliniczne potwierdzity korzystny wpltyw wod
siarczkowych na usuwanie zmian o charakterze zapalnym
i zwyrodnieniowym [7].

Zabiegi w formie ¢wiczen rehabilitacyjnych w basenie
wypelnionym woda o optymalnym nasyceniu siarkowodo-
rem 50mg/dm’ i temperaturze 28-30°C stanowig propozycje
nowoczesnej balneoterapii taczacej ruch w wodzie z jedno-
czesnym, bodzcowym dziataniem sktadnikéw naturalnych,
zawartych w wodach leczniczych. W badaniu przeprowa-
dzonym przez Puszczalowska-Lizis i Luczyszyna w grupie
46 pacjentéw w wieku 45-60 lat z chorobg dyskopatyczng
kregostupa l-s w Uzdrowisku Horyniec zastosowano specjalny
program ¢wiczen rehabilitacyjnych obejmujacy ¢wiczenia
rehabilitacyjne w basenie leczniczym z woda siarczkowo-
siarkowodorows, hydroterapie (masaz podwodny) i kine-
zyterapie. Zastosowany program usprawniania w sposob
istotny wplynal na poprawe zgiecia i wyprostu kregostupa
ledzwiowego oraz rotacji piersiowo-ledzwiowego odcinka
kregostupa i obnizenie dolegliwosci bélowych u pacjentéw
z dyskopatia ledzwiowq [8].

INNE KAPIELE LECZNICZE

Celem badania przeprowadzonego w Budapeszcie przez
Tomasa Gati i wsp. z udzialem 105 pacjentéw byla ocena
wplywu zastosowania wody mineralnej o zawarto$ci wo-
doroweglanu wapnia i magnezu w kapieli termalnej (38°C)
na przewlekte dolegliwos$ci bélowe z odcinka I-s kregostupa.
Pacjenci byli poddawani leczeniu przez 3 tygodnie i oceniani
przed rozpoczeciem terapii, zaraz po zakonczeniu oraz 9
tygodni od zakonczenia terapii. W grupie stosujacej kapiele
mineralne uzyskano istotng statystycznie poprawe w zakresie
ruchomosci kregostupa, zmniejszenia natezenia bélu i po-
prawy jakosci zycia w poréwnaniu ze stanem wyjsciowym
i grupa kontrolna (stosujaca jedynie leki przeciwbolowe).
Ponadto zaobserwowano, ze zuzycie NLPZ, opioidow, mio-
relaksantéw i paracetamolu bylo istotnie statystycznie nizsze
w grupie pacjentéw stosujacych balneoterapie w poréwnaniu
ze stanem wyjsciowym i grupa kontrolna [9].

Podobnie w badaniu przeprowadzonym w Tyrolu (Austria)
przez Huber i wsp. oceniano wptyw kapieli mineralnych(Mg-
Ca-SO4), termalnych (37°C) na dolegliwo$ci pacjentéw
z zespolami bolowymi kregostupa 1-s. Badanie przeprowa-
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dzono w sanatorium polozonym w gérach 1015 m n.p.m.
W grupie kontrolnej pacjenci uprawiali jedynie wycieczki
gorskie przez 5 godzin dziennie, w grupie badanej dodatko-
wo zazywali kapieli mineralnych w wannie leczniczej przez
20 minut dziennie. Terapia trwala 8 dni a pacjenci z kazdej
grupy byli oceniani w dniu przyjazdu, bezposrednio po za-
koniczeniu terapii i po 4 miesigcach od zakonczenia terapii.
W grupie pacjentdw stosujacych dodatkowo balneoterapie
istotnie statystycznie poprawila sie ruchomo$¢ kregostupa
oceniana w testach funkcjonalnych w poréwnaniu z pozio-
mem wyjéciowym i grupa kontrolng. W obydwu grupach
zaobserwowano zmniejszenie intensywnosci odczuwanego
bdlu zaréwno bezposrednio po zakonczeniu terapii jak i po
4 miesigcach oraz poprawe w zakresie codziennej aktywno$ci.
Natomiast tylko grupa badana ocenila istotnie statystycznie
lepiej jakos¢ zycia (kwestionariusz jakosci zycia SF36) po
przeprowadzonej terapii w poréwnaniu z punktem wyjscia.
W obydwu grupach zaobserwowano takze istotne statystycznie
zmniejszenie objawdw depresji wynikajacych z przewleklej
choroby (kwestionariusz WHO-5). Przeprowadzone badanie
kliniczne wykazalo, ze umiarkowane wedréwki po gérach
oraz termalne kgpiele mineralne jako multimodalne leczenie
pacjentdéw z przewlekltym zespotem bélowym kregostupa,
wplywaja korzystnie na poziom odczuwanego bélu, popra-
we zakresu ruchomosci kregostupa, poprawe subiektywnej
jakoéci zycia zwigzanej ze zdrowiem oraz zmniejszajg objawy
towarzyszacej depresji [10].

W badaniu przeprowadzonym przez Tefner i wsp.
w Matraderecske (maty osrodek na pétnocy Wegier) oceniano
wplyw balneoterapii z zastosowaniem kapieli mineralnych
z wysokim stezeniem skladnikéw mineralnych (wodorowe-
glan sodu, chlorek, lit, wapn, magnez, potas) prowadzonej
przez 30 minut dziennie (5 dni w tygodniu) na ptywalni,
przez okres 3 tygodni na dolegliwosci bélowe, jakos¢ zycia
i zakres ruchomos$ci kregostupa, pacjentéw z przewlektymi
bdlami kregostupa 1-s. Grupe kontrolng stanowili pacjenci
zazywajacy kapieli z wody kranowej. Wykazano korzystny
efekt balneoterapii z zastosowaniem termalnej (31°C) wody
mineralnej w poréwnaniu z wodg kranowg na parametry
stanu klinicznego pacjentdw (istotna statystycznie poprawa
zakresu ruchomosci kregostupa, zmniejszenie intensywno-
$ci odczuwanego bolu w skali VAS, poprawa jakosci zycia,
zmniejszenie ilo$ci stosowanych lekéw przeciwbdlowych
w grupie pacjentdéw korzystajacych z kapieli mineralnych
w poréwnaniu z grupg kontrolng). W $wietle tych wynikéw
mozna stwierdzi¢, ze woda termalna o wysokiej zawartosci
mineraléw moze okaza¢ si¢ waznym narzedziem terapeu-
tycznym w leczeniu przewlektego bdlu krzyza [11].

Podobnie Balogh i wsp. w Kehidakustany na Wegrzech
poroéwnywali wplyw balneoterapii z uzyciem wody mineralnej
i wody kranowej na przewlekle dolegliwosci bolowe krego-
stupa l-s. Stwierdzono istotne statystycznie réznice miedzy
grupami w zakresie nat¢zenia odczuwanego bolu i poprawy
klinicznej na korzys¢ balneoterapii, ktéra utrzymywata sie
3 miesigce po zakonczeniu terapii [12].

Dogan i wsp. zaplanowali badanie (przeprowadzone
w Sivas w Turcji), w ktorym oceniano efekty balneoterapii

w pofaczeniu z zabiegami fizykalnymi i kinezyterapia w po-
réwnaniu z zastosowaniem samych zabiegéw fizykalnych
i kinezyterapii u pacjentéw z zespotem bolowym kregostupa
1-s. Balneoterapia obejmowata 15 sesji po 20 minut w wodzie
mineralnej (wysoka zawarto$¢ wapnia, magnezu, wodorowe-
glandw, fluoru). Wszyscy pacjenci poddawani byli zabiegom
fizykoterapeutycznym przez 20 minut: TENS, ultradzwieki,
zawijanie w cieply koc oraz standardowemu programowi
¢wiczen 5 dni w tygodniu przez 3 tygodnie. Po zakoniczeniu
terapii zaobserwowano istotng statystycznie poprawe w za-
kresie parametréw klinicznych w obydwu grupach. Jednak
istotnie wieksza poprawe w zakresie zmniejszenia dolegliwo-
$ci bolowych, poprawie ruchomosci odcinka ledZzwiowego
kregostupa (test Schobera) oraz zdolnosci wykonywania
codziennych czynnosci (Reviserd Oswestry Index) zaob-
serwowano w grupie pacjentéw poddanych balneoterapii
w poréwnaniu z grupg kontrolng [12].

Podobnie Onat i wsp. badali skuteczno$¢ balneoterapii
w polaczeniu z zabiegami fizykalnymi w zestawieniu z samymi
zabiegami fizykalnymi u pacjentéw z przewleklym zespotem
bélowym kregostupa ledzwiowo-krzyzowego. W badaniu
wzielo udziat 81 pacjentow, ktdrzy przez 3 tygodnie byli
poddawani terapii: w grupie badanej stosowano termalne
(38°C) kapiele mineralne (woda bogata w wodoroweglan
sodu, fluor i chlorki) przez 20 minut dziennie oraz zabiegi
fizykalne, w grupie kontrolnej - tylko fizykoterapig. Sposrod
zabiegow fizykalnych stosowano: TENS (50-100Hz) przez 20
minut dziennie, ultradzwieki (1 MHz, 1W/cm?) przez 5 minut
dziennie oraz zawijanie w cieply koc przez 20 minut dzien-
nie. Ocene pacjentéw przeprowadzano przed rozpoczeciem
zabieg6éw oraz bezposrednio po zakonczeniu calej terapii.
Wedtug przeprowadzonych badan zaréwno fizykoterapia
jak i fizykoterapia w polaczeniu z balneoterapia okazaly si¢
skuteczne w leczeniu przewleklego zespotu bolowego dolnego
odcinka kregostupa. Jednakze taczne zastosowanie tych metod
znacznie przewyzszylo samg fizykoterapie w fagodzeniu bolu
(skala VAS), zmniejszeniu niepetnosprawnosci (Oswestry
Disability Index) i poprawie wiekszo$ci parametréw dotycza-
cych jako$ci zycia (SF 36). U pacjentéw z zespolami bolowymi
kregostupa faczne zastosowanie balneoterapii i fizykoterapii
przynosi wiekszg korzy$¢ niz sama fizykoterapia [13].

HYDROTERAPIA

Zabiegi hydroterapeutyczne maja dzialanie wspomagajace
leczenie przewleklych dolegliwosci bolowych. Gtéwnym
czynnikiem zmniejszajacym bol jest oddziatywanie termiczne,
ktére obok dzialania przeciwbdlowego obniza takze napiecie
mig$niowe. Hydroterapia jest zwykle stosowana w polaczeniu
z innymi zabiegami balneologicznymi i fizykoterapeutycz-
nymi [5].

W badaniu przeprowadzonym przez Yucesoy i wsp.
oceniano wplyw hydroterapii i peloidoterapii na dolegli-
wosci pacjentéw z przewleklym zespolem bélowym dol-
nego odcinka kregostupa. Do badania przeprowadzonego
retrospektywnie zakwalifikowano 139 pacjentéw poddanych
ambulatoryjnie zabiegom balneoterapii w Zakladzie Ekologii
Medycznej i Hydroklimatologii w Istambule. Pacjenci byli
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poddawani masazom podwodnym w wannie wypelnionej
woda z kranu w temperaturze 38° C przez 20 minut a na-
stepnie byli okladani miejscowo na okolice 1-s kregostupa
pasta borowinowg (temperatura 42°C) i zawijani w koc na
20 minut. Zabiegi byly przeprowadzane 5 dni w tygodniu
przez 2 tygodnie. U kazdego pacjenta przed rozpoczeciem
terapii i po jej zakonczeniu oceniano: skale bolu VAS, wy-
konywano Kwestionariusz Oceny Stanu Zdrowia (HAQ),
oraz oceniano Wskaznik Niepelnosprawnosci Waddella.
Istotna statystycznie poprawe, stwierdzono po leczeniu, we
wszystkich ocenianych punktach konicowych. Balneologiczne
leczenie ambulatoryjne moze by¢ skuteczng opcja leczenia
pacjentow z przewleklym bdlem krzyza, a niewatpliwg zaleta
jest zintegrowanie stosowanej terapii z codzienng rutyna
pacjentdw oraz zmniejszenie odczuwanego bdlu i poprawa
jakosci zycia [14].

OKLADY BOROWINOWE

Zabiegi borowinowe w formie okladéw miejscowych na
kregostup majg dzialanie rozgrzewajace i farmakologiczne
za posrednictwem kwaséw humusowych i garbnikéw, kto-
re wykazuja dziatanie przeciwzapalne, bakteriostatyczne
i regeneracyjne. Dzigki malemu przewodnictwu cieplne-
mu borowiny, cieplo oddawane jest powoli i nie powoduje
gwaltownego przegrzania tkanek. Miejscowe przegrzanie
tkanek powoduje zwigkszenie metabolizmu komoérkowe-
go, przekrwienie gteboko polozonych mie$ni i stawdw oraz
dziata przeciwbolowo. Sktadniki borowiny przenikaja przez
skore, dzigki rozpulchniajacemu dziataniu saponin i kwasow
huminowych. Zabiegi borowinowe powoduja zmniejszenie
bolu i rozluznienie mies$ni oraz zwiekszenie ruchomosci
stawow [5,15,16].

W badaniu przeprowadzonym przez Weber-Rajek M. i wsp.
oceniano skuteczno$¢ okladéw borowinowych w leczeniu
przewlektych zespoléw bélowych kregostupa ledzwiowo-
krzyzowego w grupie 50 pacjentéw leczonych w Uzdrowisku
Wieniec Zdroj. W grupie badanej pacjentom okladano kre-
gostup w okolicy ledzwiowo-krzyzowej pasta borowinowa
w temperaturze 42°C na 20 minut w serii 15 zabiegdéw w czasie
3 tygodni. W grupie kontrolnej nie stosowano zadnej terapii
fizykalnej. Po zastosowaniu terapii borowinowej w grupie
badanej zmniejszyla si¢ intensywnos¢ bolu oceniana za po-
mocy skali VAS i kwestionariusza Laitinena, zmniejszyla sie
takze czestotliwos¢ odczuwanego bélu, ograniczeniu uleglo
stosowanie lekéw przeciwbdlowych, poprawie ulegta ak-
tywnos¢ ruchowa pacjentdw, a takze zmniejszyl si¢ poziom
niepelnosprawnosci mierzony za pomoca Oswetry Disability
Index. Jednakze nie uzyskano istotnych statystycznie réznic
pomiedzy badanymi grupami, chociaz korzystniejsze wyni-
ki we wszystkich badanych zmiennych uzyskano w grupie
poddanej terapii borowinowej [15].

W badaniu przeprowadzonym przez Radziminska A.
i wsp. w grupie 77 pacjentéw z przewleklym boélem krego-
stupa ledzwiowo-krzyzowego badano skutecznos¢ zabie-
gow peloidoterapii (miejscowe oklady z pasty borowinowej
w temperaturze 42°C na okolice 1-s kregostupa przez 20
minut w serii 15 zabiegdw), sonoterapii, czyli terapii falg
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ultradzwickowa (czestotliwos¢ 1 MHz, gesto$¢ mocy od 0,6
do 1,2 W/cm?, czas zabiegu 6-8 minut w serii 10 zabiegéw)
oraz magnetoterapii (impuls tréjkatny/prostokatny, czesto-
tliwo$¢ 10-20 Hz, indukcja do 10-15 mT, czas zabiegu 20
minut w serii 10 zabiegéw). Wszystkie stosowane terapie
spowodowaly zmniejszenie stopnia niepelnosprawnosci pa-
cjentow (istotne statystycznie réznice w Oswetry Disability
Index na poczatku i po zakonczeniu terapii). Poréwnujac
skutecznos¢ trzech form terapii fizykalnej stwierdzono naj-
korzystniejsze wyniki u pacjentéw poddanych zabiegom fali
ultradZzwigkowej, najmniej korzystne u pacjentéw poddanych
zabiegom magnetoterapii [16].

KRIOTERAPIA

Krioterapia ma dziatanie przeciwbodlowe, przeciwzapalne,
przeciwkrwotoczne juz na poczatku dzialania. W drugiej
fazie dochodzi do odruchowego dzialania miorelaksacyjnego,
przeciwbdlowego, przeciwzapalnego i przeciwobrzekowego.
Poprzez zastosowanie zimna na tkanki zmniejsza si¢ pobudli-
wos¢ receptoréw bdélowych oraz zmniejsza si¢ przewodzenie
impulséw bolowych przez nerwy obwodowe. Krioterapia
ogolnoustrojowa wraz z nastepujaca po niej kinezyterapia
wplywa na zmniejszenie nasilenia dolegliwo$ci bélowych
kregostupa ledzwiowo-krzyzowego i poprawe zakresu jego
ruchomosci. Korzystnie wplywa tez na stan zdrowia pacjentow
z zespolami bélowymi kregostupa ledzwiowo-krzyzowego
w przebiegu choroby zwyrodnieniowej [5,17].

Wplyw zabiegu krioterapii ogélnoustrojowej na dolegli-
wosci bolowe i ruchomos¢ kregostupa ledzwiowo-krzyzowego
badata Barocha M i wsp. Do badan wykorzystano komore
kriogeniczng typu wroclawskiego, wykorzystujaca jako czyn-
nik chtodzacy ciekly azot. Seria sktadala si¢ z 10 zabiegoéw
krioterapii ogdlnoustrojowej z nastepowsq kinezyterapia.
Najpierw pacjent spedzal okolo 30 sekund w przedsionku
komory, w ktérym temperatura wynosila okoto -60°C, na-
stepnie 2 minuty w komorze wilasciwej o temperaturze od
okoto -130°C do -120°C, po ktérej ponownie trafial na 30
sekund do przedsionka. Grupe badang stanowilo 50 pacjen-
tow korzystajacych z zabiegdw krioterapii ogélnoustrojowej
w Osrodku Profilaktyki Rehabilitacji Creator w Lodzi. Po
zastosowanej terapii uzyskano istotng statystycznie poprawe
w zakresie odczuwanej intensywnosci bolu i czgstosci jego
wystepowania wedlug kwestionariusza Leitiena oraz poprawe
w zakresie ruchomodci kregostupa z wykorzystaniem testu
palce-podtoga oraz testu Schobera. Zmiana odczuwanego
przez pacjentéw nasilenia bolu w skali VAS przed i po tera-
pii nie byla istotna statystycznie, pomimo zaobserwowanej
poprawy. U wiekszo$ci pacjentéw zaobserwowano poprawe
zaréwno w zakresie odczuwanego bdlu, jak i ruchomosci
kregostupa [18].

Wplyw temperatur kriogenicznych na stan funkcjonalny
pacjentow z zespolem bolowym kregostupa ledzwiowego ba-
data réwniez Demczuk-Wtodarczyk i wsp. Badaniem objeto
40 pacjentéw z zespolem bolowym odcinka ledzwiowego
kregostupa, ktérych podzielono na dwie grupy: grupe badang
stanowili pacjenci poddani krioterapii ogélnoustrojowej
i 30-minutowej kinezyterapii analitycznej, grupe kontrolng -
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pacjenci poddani tylko kinezyterapii. Terapia trwata 10 dni.
Zastosowano oceng intensywnosci bolu wedlug skali VAS,
ocene sity miesniowej wedtug skali Lovetta, pomiar zakresu
ruchomosci kregostupa ledzwiowego (test Schobera, pomiar
rotacji kregostupa ledzwiowego). Wykazano, ze krioterapia
wplywa na redukcje poziomu odczuwanego bélu, poprawe
ruchomos$ci kregostupa ledzwiowego oraz wzmacnia site
mieéni odpowiedzialnych za stabilizacje tulowia [17].

Wplyw dynamicznego plastrowania w polaczeniu z krio-
terapig miejscowa na zakres ruchomosci oraz dolegliwosci
bélowe odcinka ledzwiowego kregostupa badala Ciosek
i wsp. Badanych 90 pacjentéw z chorobg zwyrodnieniowa
odcinka ledzwiowego kregostupa podzielono na trzy trzy-
dziestoosobowe grupy: w pierwszej stosowano dynamiczne
plastrowanie (zastosowano technike mig$niowg zgodnie z me-
todyka) i krioterapie miejscowa, w drugiej tylko krioterapie
miejscowa a w trzeciej znalezli si¢ pacjenci oczekujacy na
zabiegi. Zabiegi krioterapii miejscowej wykonywano przez
3 tygodnie (15 dni) raz dziennie, za pomoca kriostymulatora
dziatajacego w systemie cieklego azotu. Sposob schtadzania
odcinka ledzwiowego odbywal sie poprzez uzycie specjalnej
dyszy kierowanej na pole zabiegowe. Czas zabiegu wynosit
3 minuty. Uzyskano istotna statystycznie poprawe w zakresie
zmniejszenia odczuwanego bolu (skala VAS) oraz poprawe
ruchomosci kregostupa ledzwiowego (test Schobera) zaréwno
w grupie stosujacej krioterapie miejscowa w polaczeniu z dy-
namicznym plastrowaniem jak i bez w poréwnaniu z grupa
niestosujaca zadnych zabiegdw [19].

ELEKTROTERAPIA

Dzialanie przeciwbolowe elektroterapii jest zwigzane
z teorig kontrolowanego przepustu rdzeniowego (teoria
Walla i Melzacka). Zgodnie z t3 teoria, po podraznieniu
szybko przewodzacych wiokien czuciowych A-beta impulsem
elektrycznym, bodziec ten szybko zostaje przeniesiony do
rogéw tylnych rdzenia, gdzie znajduja si¢ komérki hamujace
przekazywanie sygnaléw z rdzenia kregowego do mozgu.
Komorki te zostaja pobudzone przez docierajacy sygnat
hamujac jednoczesnie wolniej docierajgce sygnaly bolowe
przewodzone przez widkna A-delta i C. Zabiegi elektroterapii
pobudzaja takze uwalnianie opioidoéw oraz podwyzszaja prog
czucia bolu a takze pobudzajg aktywnos¢ wspoétczulnego
ukladu nerwowego i w konsekwencji stymulujg pompe mie-
$niowg. Zjawiska te powoduja lepsze ukrwienie tkanek, co
sprzyja eliminacji mediatoréw tkankowych pobudzajacych
receptory bélu [5].

W badaniu przeprowadzonym przez Kochanskiego i wsp.
oceniano zastosowanie TENS klasycznego i TENS uderzenio-
wego w krotkotrwalej terapii pacjentdw z zespotem bélowym
kregostupa ledzwiowo-krzyzowego. Badanych pacjentéw
(40 osdéb) podzielono na dwie grupy: w jednej stosowano
TENS konwencjonalny (czestotliwos¢ 100 Hz, czas trwania
impulsu 100 us, przebieg monofazowy), w drugiej - TENS
uderzeniowy (czestotliwos$¢ dwie serie impulséw na sekunde
o czestotliwoéci 2 Hz, czas trwania serii impulséw 100 us).
Terapia sktadala sie z 5 zabiegow wykonywanych raz dzien-
nie przez 5 dni w tygodniu, czas zabiegu wynosil 20 minut.

Zabiegi z zakresu elektroterapii pradami TENS (zaréwno
TENS konwencjonalny jak i uderzeniowy) wptynetly na
zmniejszenie bolu (numeryczna skala bolu NRS), poprawe
ruchomosci kregostupa ledzwiowego (test palce-podloga)
oraz poprawe jakosci zycia (kwestionariusz jakosci zycia
Oswestry) [20].

W metaanalizie przeprowadzonej przez Lien-Chen Wu
i wsp. wzieto pod uwage 12 badan z udziatem tacznie 700
pacjentow, u ktorych stosowano TENS w leczeniu przewle-
ktego bolu kregostupa ledzwiowego. Wyniki tej metaanalizy
wskazujg, ze zmniejszenie odczuwanego bolu nie réznito
sie w grupie pacjentéw stosujacych TENS w poréwnaniu
z grupa nie stosujaca fizykoterapii. Ogolnie zabiegi TENS
nie zapewnily poprawy w zakresie niepelnosprawnosci, ale
TENS byt bardziej skuteczny w poprawianiu funkcjono-
wania pacjentéw w ciggu 6 tygodni po leczeniu. Wyniki
te sugeruja, ze TENS nie zmniejsza objawdw bélu dolnego
odcinka kregostupa, ale moze oferowa¢ poprawe w zakresie
codziennego funkcjonowania pacjentéw [21].

Natomiast w metaanalizie opracowanej przez Jauregui JJ
i wsp. z udziatem lacznie 267 pacjentéw (13 badan) wyka-
zano, ze leczenie przewlektego bolu kregostupa ledzwiowo-
krzyzowego za pomocg TENS przynosi znaczng redukeje
bdlu. Zastosowanie TENS moze prowadzi¢ do zmniejszenia
zuzycia lekdw przeciwbolowych i powinno by¢ wlaczone do
standardu leczenia w przewlektym bolu kregostupa ledzwio-
wo-krzyzowego [22].

ULTRADZWIEKI

Terapia falg ultradzwiekowa wywoluje w tkankach efekt
termiczny, ktory jest zalezny od parametrow fali ultradzwiekowej
ijest to tzw. ciepto endogenne, powstajace wewnatrz tkanek.
Oddziatywanie ultradzwiekdw stanowi ztozony, wypadkowy
mechanizm proceséw termicznych, mechanicznych oraz
fizykochemicznych. Dzialanie mechaniczne jest podstawowg
sktadowg miejscowego wplywu ultradzwiekéw wywolujaca
efekt mikromasazu. Fala ultradzwigckowa powoduje w tkankach
wiele efektow wtornych: zwigksza elastyczno$¢ tkanki facznej,
rozluznia patologicznie przykurczone migénie, hamuje procesy
zapalne, a takze zmniejsza dolegliwosci bélowe [16].

Skuteczno$¢ sonoterapii wleczeniu przewleklych zespolow
bélowych kregostupa sprawdzali Weber-Rajek i wsp. w ba-
daniu przeprowadzonym w grupie 85 pacjentéw. W grupie
badanej stosowano zabieg sonoterapii (czestotliwos¢ 1 Mz,
gesto$¢ mocy od 0,6 do 1,2 W/cm?, czas zabiegu 6-8 minut)
w liczbie 10 zabiegdw w serii, w grupie kontrolnej nie stoso-
wano zadnej terapii fizykalnej. Wykazano istotne statystycznie
réznice w wynikach badanych zmiennych: w grupie stosu-
jacej sonoterapie zmniejszyly sie dolegliwosci bolowe (skala
bélu VAS), zwiekszy la sigaktywnos¢ ruchowa pacjentéw
(kwestionariusz Laitiena) oraz zmniejszyl sie ich stopien
niepetnosprawnosci (Oswetry Disability Index) spowodowany
bélem kregostupa [23].

MAGNETOTERAPIA

Magnetoterapia to zabieg atermiczny. Pole magnetyczne ma
dzialanie przeciwbolowe, przeciwzapalne, przeciwobrzekowe,
przyspieszajace regeneracje tkanek. Dziatanie przeciwbolowe
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pola magnetycznego jest malto poznane, m.in. dochodzi do
zwiekszenia wydzielania endorfin oraz serotoniny we krwi
i wmozgu [16].

W badaniu przeprowadzonym przez Fidut-Wronska i wsp.
oceniano wplyw wlaczenia pola magnetycznego niskiej cze-
stotliwoéci do leczenia pacjentéw z dyskopatia ledzwiowsa
oktadami borowinowymi i kinezyterapia. W badaniu wzieto
udzial 79 pacjentéw. W grupie badanej stosowano oklady
borowinowe (mas¢ borowinowa po podgrzaniu do 42°C
nakladano na okolice ledzwiowa kregostupa przykrywajac
dodatkowo kocem w celu podtrzymania temperatury, czas
zabiegu wynosil 20 minut), kinezyterapie (wykonywanie
serii ¢wiczen w pozycjach niskich, sktadajacych sie z ¢wiczen
poprawiajacych kontrole motoryczng oraz ¢wiczen oddecho-
wych) oraz zabiegi pola magnetycznego niskiej czestotliwosci
(impulsowe pole magnetyczne o indukgji 3,8 mT, czestotliwosci
25 Hz, impulsy prostokatne o czasie trwania 10 ms i czasie
przerwy 30 ms; czas trwania zabiegu wzrastal progresyw-
nie w kolejnych dniach zabiegowych od 15 do 20 minut).
Grupe kontrolng stanowili pacjenci korzystajacy z oktadéw
borowinowych i kinezyterapii. Pomiedzy badanymi grupami
nie zaobserwowano istotnych statystycznie réznic w bada-
nych parametrach (skala bélu VAS, zmodyfikowana skala
Quebek Task Force, Indeks Niepelnosprawnosci Oswestry,
test Schobera oraz test palce-podioga). W obu badanych
grupach zaobserwowano istotne statystycznie zwigkszenie
zakresu ruchomosci zgiecia kregostupa w tescie Schobera
i tescie palce-podtoga oraz zmiang stopnia niepetnospraw-
nosci mierzonego wskaznikiem Oswestry (ODI). Wlaczenie
zabiegéw pola magnetycznego niskiej czestotliwosci do le-
czenia objawowej dyskopatii ledzwiowej za pomocg oktadow
borowinowych i kinezyterapii nie skutkowato uzyskaniem
lepszych wynikdow terapii [24].

MASAZ LECZNICZY

Masaz jest jedna z najstarszych form fizjoterapii, a jego
istote w klasycznej postaci stanowi mechaniczne wywieranie
izwalnianie ucisku na tkanki ustroju. Dzialanie przeciwboélowe
masazu jest pochodng zmniejszenia napiecia miesniizwigk-
szenia ich ukrwienia. Najlepsze dzialanie przeciwbolowe
irozluzniajgce mig$nie ma masaz segmentarny i punktowy.
Ma dzialanie wspomagajace w leczeniu bolu przewlekiego
[5, 25].

KINEZYTERAPIA

Fizjoterapia, w tym kinezyterapia, stanowi nadrzedna
metode leczenia zachowawczego dolegliwoséci bolowych
ledzwiowego odcinka kregostupa. Celem zabiegéw terapii
manualnej jest poprawa gry stawowej oraz likwidacja zablo-
kowan stawdéw miedzywyrostkowych, ktére niemal zawsze
towarzyszg patologiom o charakterze morfologicznym. ta-
kim jak dyskopatia czy zmiany zwyrodnieniowe. Cwiczenia
kinezyterapeutyczne ukierunkowane s na normalizacje
napiecia gorsetu mie$niowego, co przeklada sie na popra-
we stabilnosci kregostupa ledzwiowego i doprowadza do
zmniejszenia zaburzen czynno$ciowych [26].

W badaniu przeprowadzonym przez Kandora i wsp. ana-
lizowano wplyw kinezyterapii i terapii manualnej na kontrole
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posturalng oséb z zespotem bolowym kregostupa. Badang
grupe 30 pacjentdw podzielono na dwie grupy - w jednej
stosowano standardowe ¢wiczenia kinezyterapeutyczne o tacz-
nym czasie trwania pojedynczej sesji do 40 minut, w drugiej
— techniki terapii manualnej, ktérych czas nie przekraczat
jednorazowo 20 minut. W pierwszej grupie pacjenci rozpo-
czynali wykonywanie ¢wiczen w pozycji niskiej przechodzac
stopniowo do pozycji wyzszych. Mig§niami wzmacnianymi
w prowadzonych ¢wiczeniach byly mig$nie brzucha, poslad-
kowe oraz kulszowo-goleniowe. W drugiej grupie pacjenci
byli poddawani zabiegom terapii manualnej polegajacym
na przywréceniu prawidfowej ruchomosci zablokowanych
stawdw miedzykregowych za pomoca biernych mobilizacji.
W terapii zastosowano dwie techniki manualne, ktorych
cze$cia wspolna bylo wykonywanie rotacji konczyn wzgle-
dem miednicy przy jednoczesnym zachowaniu optymalnego
zakresu mobilizacji bez prowokacji dolegliwo$ci bolowych.
Czas trwania terapii w obydwu grupach wynosit 10 dni,
a pomiaréw stabilometrycznych dokonywano pierwszego,
piatego i dziesigtego dnia. Uzyskane wyniki badan obrazujg
pozytywny wplyw ¢wiczen kinezyterapautycznych oraz terapii
manualnej na zréwnowazenie sit reakcji podtoza w oparciu
o badanie stabilograficzne u pacjentéw z przewleklym bdlem
kregostupa ledzwiowego. Zabiegi z zastosowaniem terapii
manualnej w pierwszych pigciu dniach leczenia prowadza do
bardziej dynamicznego i wyraznego efektu rownomiernego
rozkladu sit reakeji podioza konczyn dolnych w odniesieniu
do zabiegoéw kinezyterapii [26].

NOWE METODY FIZYKOTERAPII

Nowymi metodami fizykoterapii wykorzystywanymi
w terapii zespotéw bolowych kregostupa sg m.in. terapia
z wykorzystaniem radialnej fali uderzeniowej RSWT, poza-
ustrojowej fali uderzeniowej ESWT, terapia wielokrotnego
impulsu MTT oraz terapia sygnatem pulsacyjnym PST. Bél
przewlekly kregostupa faczy si¢ zwykle z napigciami miesnio-
wymi. Terapia punktéw spustowych z wykorzystaniem fali
uderzeniowej (ESWT) prowadzi do rozluznienia przykur-
czonych mieéni, eliminujac tym samym napiecie w obrebie
nerwu, dysku czy stawow kregostupa. Terapia wielokrot-
nego impulsu, zmieniajgc wielko$¢ napiecia miesniowego,
wykazuje dziatanie przeciwbdlowe. Terapia wielokrotnego
impulsu wywoluje mobilizacje potaczen miedzykregowych
poszczegolnych segmentdw kregostupa, zmieniajac napiecie
miegéni przykregostupowych. Terapia z uzyciem sygnatu pul-
sacyjnego pobudza procesy regeneracyjne organizmu, wplywa
na wzrost stezenia proteoglikandw, kolagenu, namnazanie
chondrocytéw i stymuluje wzrost osteocytow [27].

FARMAKOTERAPIA

Nieodzownym elementem postepowania w przewlektych
zespotach bélowych kregostupa jest farmakoterapia zaréwno
z wykorzystaniem metod fizykoterapii (jonoforeza i fonofo-
reza) jak i w postaci przyjmowanych lekow.

Jonoforeza jest jednoczesnym aplikowaniem leku i dziata-
niem fizykalnym zastosowanego pradu, jednak gléwnie polega
na wprowadzeniu do tkanek dysocjowanych lekéw sitami pola
elektrycznego. W leczeniu pacjentéw z zespotem bolowym
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kregostupa ledzwiowo-krzyzowego najczesciej zastosowanie
maja NLPZ w postaci wodnego roztworu leku lub zelu (diclo-
fenak, ketoprofen, ibuprofen) aplikowane przykregostupowo
na odcinek ledzwiowo-krzyzowy [28]. Fonoforeza polega na
wprowadzeniu przez skore do gtebiej potozonych tkanek
okreslonego leku za pomocg ultradzwigkéw, w przypadku
zespolow bdlowych kregostupa I-s jest stosowana miejscowo,
przykregostupowo w odcinku ledzwiowo-krzyzowym. Lek,
w przypadku zespotéw bolowych kregostupa najczesciej
NLPZ (np. diclofenak, naproxen, ketoprofen), dodaje si¢ do
sprzegajacego zelu lub jest juz w tym zelu zawarty. Fonoforeza
wykazuje intensywniejsze dzialanie w stanach zapalnych
stawowych i okotostawowych niz w przewleklych zmianach
zwyrodnieniowych [29].

W postepowaniu farmakologicznym uwzglednié nalezy
schemat WHO 3-stopniowej drabiny analgetycznej tak, aby
bdl w mozliwie najmniejszym stopniu powodowal obnizenie
sprawnosci i jakosci zycia. Do lekéw pierwszego wyboru na-
lezg paracetamol i niesteroidowe leki przeciwzapalne. Istnieja
wiarygodne dane na krétkotrwalg skutecznos¢ NLPZ, lekow
obnizajacych napiecie miesniowe (gtéwnie w zaostrzeniach
dolegliwosci) oraz tréjpierscieniowych lekow przeciwde-
presyjnych. Jezeli pomimo stosowanego leczenia bol trwa
lub narasta nalezy rozwazy¢ wiaczenie stabych opioidow,
najczeséciej tramadolu. Analiza wielu badan wykazata jego
skuteczno$¢ w zmniejszaniu bélu i poprawie funkcjonowa-
nia pacjentéw. Kontrowersyjne pozostaje nadal stosowanie
w tej grupie pacjentow silnych opioidéw (najczesciej stoso-
wane s3 buprenorfina lub oksykodon), chociaz, powinno
by¢ rozwazone, jezeli inne metody skutecznego leczenia
zawiodg. U czeéci pacjentéw moze wystepowaé komponent
bdlu neuropatycznego, wowczas do terapii nalezy wlaczy¢
leki przeciwdepresyjne lub przeciwdrgawkowe (najczesciej
gabapentyne lub pregabaline) [30].

PODSUMOWANIE

Balneologia i fizjoterapia stanowig istotny element tera-
pii zespotéw bélowych kregostupa. Przedstawione w pracy
wyniki badan potwierdzaja skuteczno$¢ kompleksowej fi-
zjoterapii uzdrowiskowej w leczeniu tego typu schorzen.
W podsumowaniu warto przytoczy¢ jeszcze wyniki badan
przeprowadzonych przez Matusiak i wsp. dotyczacych oceny
skutecznosci kompleksowego leczenia uzdrowiskowego, sto-
sowanego podczas turnusu w Sanatorium Uzdrowiskowym
w Polanicy Zdroju, w leczeniu dolegliwo$ci bolowych od-
cinka ledzwiowo-krzyzowego kregostupa. Wszyscy pacjenci
(50 kuracjuszy w wieku 57-72 lata) przez caly okres pobytu
w sanatorium korzystali z zabiegow fizykoterapeutycznych:
krioterapii miejscowej, TENS, biostymulacji laserowej,
zmiennego pola magnetycznego o niskiej czestotliwosci,
fonoforezy z zelem ketoprofen, naswietlan lampa sollux
z filtrem czerwonym (naprzemiennie z zabiegami kriotera-
pii) oraz masazu klasycznego i kinezyterapii. Kompleksowe
postepowanie fizjoterapeutyczne stosowane w lecznictwie
uzdrowiskowym wplyneto na zmniejszenie bolu (skala NRS),
poprawilo zakres zgiecia w przod catego kregostupa (test pal-
ce-podloga), zmniejszyto tez niepelnosprawnos¢ w zakresie

wykonywania czynnosci dnia codziennego (Kwestionariusz
Niepelnosprawnosci Rolanda-Morrisa) [3].
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STRESZCZENIE

Stymulacja bodZcami wibracyjnymi jest kolejnym $rodkiem w postepowaniu fizjoterapeutycznym i w treningu sportowym. Szczegdlnie za-
interesowanie badaniami znacznie wzrosto w dziedzinie biomechaniki i treningu sportowego. Podstawowym przedmiotem badar s efekty
stymulagji bodZcami wibracyjnymi w odniesieniu do sity motorycznej, whasciwosci koordynacyjnych i mobilnosci. Celem pracy jest oméwienie
parametréw stymulacji oraz przeglad biomechanicznych i fizjologicznych efektéw stosowania wibradji catego ciata na zdolnosci motoryczne
ztowieka.

Stowa kluczowe: fizjoterapia, zdolnosci motoryczne, wibracja catego ciafa, rezonans stochastyczny

SUMMARY

Stimulation of vibratory stimuli is another measure in physiotherapeutic and sports training. Particularly the interest in research has significantly
increased in the field of biomechanics and sports training. The basic subject of the research is the effects of stimulation with vibratory stimuli
in relation to motor strength, coordination properties and mobility. The aim of the work is to discuss the parameters of stimulation and to

review the biomechanical and physiological effects of using the whole body vibration on the human motor skills.

Key words: physiotherapy, motor skills, whole body vibration, stochastic resonance

Organizm cztowieka jest bardzo wrazliwy na zmiany
parametrow stymulacji tj. miejsce indukeji, kierunek po-
dawania drgan na cialo, czas trwania stymulacji, czestotli-
wo$¢, amplituda, oscylacja sinusoidalna (harmoniczna) lub
stochastyczna (nieharmoniczna) [1], co wigcej niewielkie
modyfikacje parametréw stymulacji moga prowadzi¢ do
naglych zmian stanu fizjologicznego i motorycznosci [2].
Mozna to wytlumaczy¢ miedzy innymi tym, ze czlowiek,
patrzac od strony fizycznej, stanowi wielokrotnie sprzezony
uktad oscylatoréw sprezynujacych i masowych. W zaleznosci
od budowy ciala, jego pozycji i miejsca wprowadzenia drgan
przenoszone lub filtrowane sg rodzaje energii i czestotliwo-
$ci. Ponadto cztowiek dysponuje nie jednym, lecz kilkoma
ukladami receptoréw, ktore moga rejestrowac wplyw drgan,
co w praktyce oznacza, ze kazda osoba przy identycznej sty-
mulacji wibracjami moze wykazywac rézne reakcje [1].

Celem pracy jest omowienie parametréw stymulacji
oraz przeglad biomechanicznych i fizjologicznych efektow
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stosowania wibracji calego ciata na zdolnosci motoryczne
czlowieka.

Bodzce wibracyjne nie s3 wykrywane wylacznie przez
jeden typ receptoréw, jednakze istnieje interakcja miedzy
réznymi typami receptoréw (receptory skorne, wrzeciona
nerwowo-mieéniowe, narzady $ciegniste Golgiego, narzady
przedsionkowe) w zakresie zachodzacych na siebie zakresow
czulosci i najlepszej czestotliwosci (czestotliwo$é bodzea, przy
ktorej jeden typ receptora wykazuje najwyzsza czutos¢) [3]
(np. cialko Meissnera i cialko Vatera-Paciniego). Ciatka te
naleza do mechanoreceptoréw, odpowiadajac za odbior bodz-
c6w mechanicznych, takich jak dotyk, wibracje, rozcigganie.
Znajdujq sie one miedzy innymi w skorze palcodw i sromu,
cialach jamistych pracia, $ciegnach, torebkach stawowych,
okostnej i krezce [4, 5].

Wykrywaja znieksztalcenia skory i narzadéw wewnetrz-
nych, wynikajace z zewnetrznych bodzcow i przekazujg do
centralnych wiékien nerwowych. Reaguja one na sily $cinajace
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przez styczne rozcigganie blony komérkowej prowadzac do
otwarcia kanatéw jonowych i wywolania odpowiedzi neuro-
nalnej (potencjat receptorowy, czynno$ciowy, generatorowy)
bedacym podstawowym mechanizmem percepcji wibracji.
Nerw tréjdzielny przekazuje sygnaly bodzcédw wibracyjnych
z obszaru twarzy, a droga sznuréw grzbietowych przekazuje
sygnaly bodzcow wibracyjnych z pozostalych czeéci ciala
(ponadto delikatny dotyk i 2-punktowg dyskryminacje).
Sygnaly sa przekazywane przez wzgorze do zakretu zasrodko-
wego pierwotnej kory somatosensorycznej 3, 6, 7]. Funkeja
receptoréw w percepcji bodzcow wibracyjnych jest uswia-
domienie réznych czestotliwosci bodzcodw zewnetrznych.
Ciatka Meissnera wykrywaja czestotliwosci miedzy 30 a 50
Hz, cialka Vatera-Paciniego sa wrazliwe na czestotliwosci
od 60 do 400 Hz [3].

Mimowolna anteropulsja ciata w wyniku stymulacji me-
chanoreceptoréw skornych pokazuje, w jaki sposéb informacja
eksteroceptywna, zaangazowana w percepcje ruchu szyi, jest
zintegrowana w celu kontroli orientacji calego ciala i moni-
torowania przemieszczenia $rodka ciezkosci ciata (Winter
i wsp. 1996). Mozliwo$¢ wywotania efektu inklinacji calego
ciala, indukowanego przez stymulacje wibracyjng (Ivanenko
i wsp. 2000), mozna wyjasnié, biorgc pod uwage, ze mecha-
noreceptory typu II (np. cialko Vatera-Paciniego i ciatko
Ruffiniego) z obszaru szyi przesytaja informacje¢ o bodzcach
do jadra brzusznego tylno-bocznego wzgdrza, a nastepnie do
pierwotnej kory somatosensorycznej, do kory ciemieniowej
(poziom drugorzedowej kory somatosensorycznej w obszarze 5)
(Felleman i Van Essen 1991). Kora somatosensoryczna wyz-
szego rzedu przetwarza informacje dotykowe i wykorzystuje
sygnaly proprioceptywne do wewnetrznych reprezentacji
zintegrowanych pozycji konczyn (Mountcastle 1997; Kandel
2013). Poza tym, aktywacja receptoréw znajdujacych sie
w stawach w pozycji statycznej lub w ruchu, zwlaszcza szybko
i wolno dostosowujacych si¢ mechanoreceptoréw typu II,
wskazuje na zaangazowanie tych receptoréw w funkcje pro-
prioceptywne poza ich gléwnym celem eksteroceptywnym
(Johansson i Vallbo 1983) [8].

W badaniach dotyczacych stymulacji mechanoreceptoréw
skornych badano jedynie stabilno$¢ postawy w nastepstwie
stymulacji bodzcami stochastycznymi (mechaniczny lub elek-
tryczny) aplikowanych na powierzchnie skory konczyn dolnych
(Priplata i wsp. 2003; Magalhaes i Kohn 2012, 2014). Podjeto
probe analizy efektéw mechanizmu rezonansu stochastycznego
w zakresie stabilno$ci postawy, ktory zwigksza zdolnoé¢ per-
cepcji bodzcow (potencjal blonowy receptora waha sie blizej
progu czuciowego) (McDonnell i Ward 2011) [8].

Integracja sensoryczna nie opiera si¢ na funkeji, w kto-
rej rdzne sygnaly aferentne sg reprezentowane w tej samej
wartoéci, raczej dominuja poszczegdlne aferentne. Zmiany
fazowe mozna wyjasni¢ w reakgji fizjologicznej jako zmiane
dominacji miedzy réznymi typami receptoréw. Dominacja
jednego typu receptoréw wynika miedzy innymi z tego, jak
szeroki zakres czestotliwosci stymulacji zgadza si¢ z najlepsza
czulg czestotliwoscig [9]. Czestotliwoé¢ theta (od 3,5 do 7,5
Hz) i alfa (od 7,5 do 12,5 Hz) charakteryzujq si¢ szczegdlnie
wysoka czuloscig [10]. Propriocepcja jest sktadowa funkcji
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motorycznych, co w przypadku uposledzenia czucia znaczaco
utrudnia zdolno$¢ jednostki do wykonywania zadan rucho-
wych. Konsekwencja redukcji propriocepcji i rownowagi jest
utrata wytrzymato$ci i funkcji miesni, ktdra moze ograniczaé
czynnosci zycia codziennego i mobilno$ci, zwiekszy¢ szanse
upadkéw i mikrourazéw, a takze spowodowac utrate mecha-
noreceptordw. Braki w kontroli nerwowo-mie$niowej przyczy-
niaja sie do funkcjonalnej niestabilnosci stawdw. Pojawi¢ sie
moga powtarzajace sie mikrourazy w stawie podczas chodu
i kazdej aktywnoéci zycia codziennego. Te powtarzajace sie
mikrotraumy i zanikanie zdolnosci rozpoznania pozycji stawu
sa prekursorem i elementem zaostrzajacym dla zmian zwyrod-
nieniowych dotyczacych calego narzadu ruchu [11].

W chorobie Parkinsona wykazano, Ze stosowanie drgan
o wysokiej czestotliwosci (>16 Hz) powoduje iluzje kineste-
tyczne, znaczne uposledzenie w realizacji ruchéw celowych
oraz mniejszy wplyw na zachowanie ruchowe [2].

Miejsce indukeji, rodzaj drgan, czestotliwo$¢, amplituda,
czas trwania posiadajg decydujaca role w ustanowieniu od-
ruchuijego wzorze. Aplikacja wibracji calego ciata wywoluje
trzy gléwne efekty motoryczne w stymulowanych mie$niach.
Po pierwsze, determinuje odpowiedz nerwowo-migsniowa
podobng do odruchu na rozcigganie nazwang odruchem
tonicznym na wibracje (TVR, tonic vibration reflex), po
drugie obniza pobudzenie motoneurondéw mieéni antagoni-
stycznych do migéni stymulowanych wibracjami, po trzecie,
zostaje sttumiony monosynaptyczny odruch na rozciaganie
wibrowanych migsni tzw. busy-line [12]. Ponadto, nalezy
wzigé pod uwage tworzenie si¢ zjawiska interferencji pasma
czestotliwosci pomiedzy centralnie i obwodowo genero-
wanymi oscylacjami neuronalnymi, jako skfadnik systemu
funkcjonalnego, gdyz moga powodowaé wzmocnienie lub
zahamowanie przetwarzania bodzcéw zmystowych [13]. Istnieje
mozliwo$¢ cze$ciowej kontroli funkgji fizjologicznych poprzez
stosowanie wybranych konfiguracji drgan, ale takze poprzez
pozycje ciala, czas przerwy, skupienie uwagi, periodyzacje
oddziatywania, odpowiednig integracje srodkow terapeutycz-
nych, ktdre zwigkszaja prawdopodobienistwo pojawienia si¢
niektorych fizjologicznie znaczacych wzorcéw ruchowych
lub zmian behawioralnych [14]. W pismiennictwie istniejg
bardzo niespdjne obcigzenia os6b poddanych stymulacji
bodzcami wibracyjnymi. Dla przyktadu, amplituda rézni
sie miedzy sobg od 2 do 10 milimetréw, czestotliwos¢ od 3
do 50 Hz. Dlatego nie jest jasne, czy zastosowane parametry
stymulacji sa optymalnym bodzcem do osiggniecia maksy-
malnego efektu terapeutycznego (tab. 1) [15].

Aby uzyskaé docelowy efekt w postepowaniu fizjoterapeu-
tycznym nalezy stosowa¢ wybrane parametry stymulacji. Im
wigksza amplituda, tym wyzsze sily przyspieszenia dzialajace
na organizm. Wymuszony ruch drgan mechanicznych zalezy
od wielko$ci amplitudy. Organizm czlowieka amortyzuje
sily dziatajace na cialo poprzez skurcz izotoniczny lub izo-
metryczny. Stosowanie czestotliwosci powyzej 30 Hz moze
prowadzi¢ do niekontrolowanego skurczu wiékien mie$nio-
wych - zapobiegajac pozytywnym efektom koordynacji,
natomiast powyzej 40 Hz dochodzi do zwezenia naczyn
krwionoénych [16].



Relacje miedzy stymulacjami wibracyjnymi, a zmiennoscig motoryki cztowieka

Tabela 1. Whasciwosci i specyfika stymulagji wibracyjnych oddziatujacych na cate ciato [wg 15]

Intensywnos¢ . o . (Czas trwania Czestotliwos¢ (Czas trwania
bodica Czas trwania bodzca Lakres serii przerwy oddziatywania oddziatywania
Ampiuda 2x30-60s,
30-120s. 5x60s., 5-90s. 2-5/tydzien 3-37 tygodni
3x120s., etc.

(zestotliwos¢: 3-50 Hz

Gurfinkel i wsp. (1998) wykazali, ze wibracja calego cia-
ta w zakresie czestotliwosci od 20 do 60 Hz spowodowata
quasi-rytmiczne ruchy spacerowe konczyn dolnych, a tym
samym aktywuje zesp6t komorek central pattern generator
(CPG), ktére s wysoce istotne dla generowania rytmicznych,
naprzemiennych aktywacji miesni konczyn dolnych w celu
reedukacji lokomocji [17].

Oddziatywanie rezonansem stochastycznym opiera si¢
na zjawisku rezonansu akcydentalnego, ktére jest zmien-
noscig naturalng w ukladach biologicznych [18]. Rezonans
stochastyczny to zjawisko, w ktérym odpowiedz ukladu dy-
namicznego na zewnetrzny sygnal osiaga wartos¢ optymalna
w obecnosci szumu o pewnym konkretnym natezeniu. Szum
moze niekiedy poprawi¢, nie za$ wylacznie pogorszy¢ wia-
sno$ci niektorych urzadzen. Zjawisko to dotyczy uktadow
nieliniowych, ktére moga posiada¢ kilka stabilnych stanéw.
W organizmie cztowieka ma fundamentalne znaczenie, po-
niewaz pojedyncze neurony narzadéw sensorycznych na
poziomie kanatéw jonowych oraz sieci neuronalne wykazuja
naturalne zachowanie stochastyczne przy efektywnym ko-
dowaniu i transmisji danych [19]. Jezeli staby sygnal nosny
jest transmitowany do czlowieka, to wykrywalno$¢ sygnatu
poprawia sie, jesli zawiera réwniez elementy stochastyczne
(synonim: szum, zaktdcenie), co prowadzi do lepszej sku-
teczno$¢ odbierania lub zwigkszonej zawarto$ci informacji
w pewne;j reakgji. Jest prawdopodobne, ze zaktdcenie implikuje
ciggle nowe wrazenia sensoryczne, ktére poprawia wybor
informacji i oszacowanie maksymalnego prawdopodobien-
stwa dla polecen eferentnych [20]. Drgania stochastyczne
wchodza w interakcje z rownie stochastycznymi parametrami
czynno$ciowymi uktadu nerwowego [18]. Stosowanie drgan
stochastycznych powoduje zwigkszone uwalnianie czynni-
kéw neurotroficznych, co z kolei wigze sie ze zmniejszeniem
reakeji neuropatologicznych. Nelson i wsp. (2004) wykazali,
ze stosowanie drgan stochastycznych powoduje wyzsza ak-
tywno$¢ dodatkowej korze ruchowej (SMA, supplementary
motor area) waznej dla generowania skomplikowanych wzor-
cow ruchowych, ktora stanowi $ciste potaczenie z systemem
dzialania dopaminergicznego. Dodatkowo prowadzg do sto-
sunkowo mocnych aktywacji obszaréw przedczotowej kory,
ktére sg wazne dla nowej nauki lub braku rutynowych decyzji
[21]. Dreher i Grafman (2002) zaobserwowali, Ze drgania
stochastyczne prowadza do zwigkszenia aktywnosci mézdz-
ku. Small i wsp. (2002) oraz Saini i wsp. (2004) stwierdzili,
ze zwiekszajaca si¢ aktywno$¢ moézdzku zapewnia wigksza

neuroplastycznosci i lepsze wyniki rehabilitacji u pacjen-
tow z SM i po udarze moézgu [2]. Kaut i wsp. (2016) [22]
zaobserwowali bardzo wyrazng zwigkszong aktywnos¢ w ciele
prazkowym (striatum), szczegolnie w glowie jadra ogoniastego
i w skorupie, dzigki ktorej utatwia wykonanie ruchéw dobro-
wolnych w sposéb plynny i pewny, wybierajac odpowiednie
dla niego wykonanie i inicjujac ruch, jednoczesnie zapewniajac
zahamowanie ruchdéw opozycyjnych. W grupie pacjentéw
w podesztym wieku, po udarze moézgu oraz z neuropatia
cukrzycowa zdolnos¢ wykrywania sygnaléw stochastycznych
jest lepsza o 16 do 34% w poréwnaniu do sygnatdéw sinuso-
idalnych [20]. Stosowanie metody rezonansu stochastycz-
nego wymusza mechaniczne wibracje, ktdre charakteryzujg
sie zmienno$cig rytmu, amplitudy i kierunku wibracji, co
wymusza dgzenie do dobrych wyboréw w analizie OUN
i odpowiedzi na bodzce zakldcajace rownowage ciata [13, 23].
Brak wystarczajacych pozioméw wolnej aktywacji migéni
zmniejsza udzial neuronalnych jednostek motorycznych
niskoprogowych. Zwigzana relatywnie duza czgs$¢ szybkich
jednostek o wysokim progu aktywacji prowadzi do stanu,
w ktérym miesien nie jest aktywowany wcale lub aktywowany
wylacznie maksymalnie, a tym samym nie powstaje bodziec do
skutecznej reedukacji funkeji miesni, co wigze sie ze stresem
oksydacyjnym i zmniejszona odpornoscig na zmeczenie [1].
W celach rehabilitacyjnych drgania stochastyczne s wazne,
poniewaz nadprogowa aktywacja nerwowo-mig¢$niowa moze
by¢ generowana bez koniecznosci uzycia sygnatéw silnie
energetycznych (wysokie amplitudy wzgledem wysokiej cze-
stotliwo$ci), ktére moga stanowi¢ przeciwwskazanie dla osob
dlugotrwale nieaktywnych [24]. Regulacja wibracji odbywa
sie poprzez adaptacje¢ napiecia odpowiednich kompleksow
mig$niowo-$ciggnistych, co dodatkowo prowadzi do stosun-
kowo rytmicznych wzorcéw aktywacji migéni. Natomiast
drgania stochastyczne sg nieprzewidywalne. W ten sposob
stale pojawiaja sie nowe stany podraznienia i wymagaja cia-
glych zmian napiecia w celu wytworzenia stanow aktywacji
migs$ni dostosowanych do okreslonego schematu bodzca [9].
Ponadto, znajomos¢ licznych zréznicowanych wartosci re-
ferencyjnych pobudza potencjal interekstrapolacji, dzigki
ktéremu jest mozliwa optymalna adaptacja akcji nerwowo-
mie$niowej do nowych wymagan i sytuacji [24]. W odniesieniu
do wiasciwosci koordynacyjnych stosowanie w pierwszych
etapach rehabilitacji drgan sinusoidalnych jest korzystne dla
aktywacji mig$niowej, ale w pdzniejszych etapach drgania
stochastyczne sg zdecydowanie wazne, poniewaz zmienna
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stymulacja promuje neuroplastycznos¢ i tacznosé z sieciami
neuronowymi [21].

Aplikacja wibracji prowadzi do skurczu ponad 80% wiékien
mie$niowych, natomiast ¢wiczenia sitowe angazuja 50-60
% wlokien mie$niowych. Skurcz migéni zostaje sttumiony
po stymulacji bodzcami wibracyjnymi, co zwigksza wydaj-
no$¢ mie$ni w przeciwienstwie do ¢wiczen sitowych [16].
Obecnie istnieje wiele badan dotyczacych skutecznosci sty-
mulacji bodZcami wibracyjnymi w zakresie parametrow
sily 1 predkosci wykonanego ruchu, aczkolwiek uzyskane
wyniki sg znacznie zréznicowane. Prace badawcze mozna
podzieli¢ ze wzgledu na czas trwania oddzialywania (30-60
min i powyzej 14 dni) oraz ze wzgledu na miejsce indukcji
tj. poszczegdlne segmenty ciala lub zespoly $ciegien miesni
i wibracji caltego ciala.

Zespol badawczy Bosco i wsp. zastosowali drgania sinu-
soidalne pionowe (30 Hz, amplituda 6 mm, 5 serii po 60 s,
oddzielone przerwami o tym samym czasie) u wloskich bokseréw
klasy miedzynarodowej. Odnotowali wzrost mocy maksy-
malnej miesnia dwuglowego ramienia o 8 % (p<0,001) [25].
W kolejnych badaniach Bosco i wsp. zastosowali drgania
sinusoidalne pionowe (26 Hz, 10 serii po 60 s, oddzielone
przerwami o tym samym czasie) odnotowujgc wzrost mocy
maksymalnej o 7 %, sily eksplozywnej o 4 % i predkosci ruchu
o ok. 3 % zespotéw mie$niowych konczyn dolnych [26, 27].
Bosco i wsp [27] oraz Issurin i wsp. [28], wyjaéniaja, iz wzrost
zdolnos$ci wytrzymalosci sitowej po stymulacji bodZzcami
wibracyjnymi w krotkim czasie wigze si¢ z skuteczniejsza
koordynacja nerwowo-miesniowg w postaci bardziej zsynchro-
nizowanej aktywnosci miesniowej i wigkszej liczby rekruto-
wanych jednostek ruchowych. Przyczyng zmiany adaptacyjnej
ukladu nerwowo-mig$niowego jest wywotanie tonicznego
odruchu wibracyjnego i wzrost sygnatéw eferetnych [12],
aczkolwiek istniejg dowody przeciwko zwigkszonej aktyw-
nosci eferetnej [29]. Kolejne wyjasnienia dotyczace poprawy
sily uwzgledniaja zmiany hormonalne. Bosco i wsp. [27]
zastosowali wibracje calego ciala (drgania sinusoidalne pio-
nowe, 26 Hz, amplituda 4 mm, 10 serii po 60 s, oddzielonych
przerwami o tym samym czasie) u mezczyzn w wieku 25 lat
(SD: 4,6). Zaobserwowali znaczny wzrost stezenia testostero-
nu i hormondéw wzrostu, z jednoczesng obnizong warto$cia
stezenia kortyzolu. Autorzy podkreslaja pozytywny wplyw
zmiany biochemicznej, jako reakcje dorazng, poniewaz jest
mato prawdopodobne, ze w krotkim okresie wystapig hi-
pertroficzne zmiany morfologiczne.

Samuelson i wsp. [30] i Jordan i wsp. [31] wykazali brak
wzrostu maksymalnej sily skurczéw izometrycznych i wy-
trzymaloéci (zdefiniowano jako czas w sekundach, w ktérym
sifa wywierana obnizyla sie 0 10% od wartosci poczatkowe;)
prostownikéw stawu kolanowego w stymulacji wibracjami
o czestotliwosci 20 1 30 Hz. de Ruiter i wsp. [32] odnotowali,
obnizenie warto$ci maksymalnego skurczu dowolnego (MVC)
prostownikow stawu kolanowego w odstepach co 90 sekund
od stymulacji bodZzcami wibracyjnymi (drgania sinusoidalne
pionowe, 30 Hz, 8 mm, 5 serii po 60 s, 2 min przerwy miedzy
nimi), jednakze warto$ci MVC ulegly zwigkszeniu powyzej
wartosci poczatkowych w ciagu najblizszych trzech godzin.
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W dodatku zastosowanie 6 zabiegdw stymulacji wibracjami
w ciggu dwoch tygodni nie powoduje wzrostu MVC i sily
eksplozywnej prostownikow stawu kolanowego u studentow
nieaktywnych fizycznie. Sarabon i wsp. [33] zaobserwowali po
zastosowaniu wibracji calego ciata (6 Hzi10 Hz,4 mm i 10 mm,
5 serii po 60 s) obnizone wartoéci sity eksplozywnej konczyn
dolnych oraz lepszy rezultat w skoku po zeskoku z pewnej
wysokosci (Drop Jump). Kiinnemeyer i Schmidtbleicher [34]
na podstawie testu Drop Jump (24 cm) odnotowali wydluzenie
czasu kontaktu do skoku i obnizone warto$ci wysokosci skoku
bezposrednio po stymulacji bodZcami wibracyjnymi oraz po
30 min. Issurin i wsp. [28] odnotowat wzrost maksymalnej sity
izotonicznej 0 49,8% stosujac drgania sinusoidalnie pionowe
(44 Hz, 3 mm) w ciaggu trzech tygodni. Bosco i wsp. [35]
zaobserwowali poprawe w maksymalnej mocy wyjsciowej
iwysokosci skokow po 10 zabiegach. Delecuse i wsp. zastosowali
36 sesji drgan sinusoidalne pionowe (35-40 Hz, 2,5-5 mm)
w ciggu 12 tygodni. Wykazali wzrost sily w pracy statycznej
i dynamicznej prostownikéw stawu kolanowego odpowiednio
016,6 + 10.8% i 9,0 + 3.2% oraz lepszy rezultat 0 7,6 + 4,3%
w skoku w gore z miejsca poprzedzone szybkich ugieciem
kkd i zamachem [36].

Stosowanie stymulacji dla pojedynczych struktur orga-
nizmu (biomechaniczna stymulacja mie$ni), ktora wymusza
rytmiczne drgania mechaniczne powoduje znaczne obnizenie
pobudliwosci a-motoneuronéw [33, 34], obniza napiecie
komplekséw miesniowo-$ciggnistych co uniemozliwia szybkie
poczatkowe rozciagniecie wrzecion migsniowych, dziatanie
hamujace komoérek Renshawa [32], brak zmian w modulacji
szybkos$ci wyzwalania jednostki ruchowej podczas zmeczenia [9]
oraz wzrost temperatury mieéni, co powinno doprowadzi¢
do zmeczenia [36].

Stosowanie drgan sinusoidalnych o wysokiej czestotli-
wosci (20-60 Hz) moze prowadzi¢ do zaburzen czucia lub
utraty aktywnosci odruchowej [24]. Wykazano, ze wysoka
czuto$¢ w odniesieniu do czasu trwania stosowania drgan tj.
kilkuminutowa ciagla stymulacja znacznie zmniejsza warto$¢
odpowiedzi odruchowej [34]. Stopien iluzji kinestetycznych
izwigzana z nimi modyfikacja sterowania ruchem zalezy od
réznych parametréw. M.in. od przekroczenia progu czesto-
tliwo$ci, zmiany amplitudy drgan [9], szybkosci wykonania
ruchu [37] oraz relacji miedzy dziatalno$cig motoryki a nie-
stabilnoscig obszaru podparcia generowang przez platformy
o réznych promieniach powierzchni (30-120 cm) [9].

Drgania rezonansowe definiuje si¢, jako wzrost ampli-
tudy drgan struktur organizmu czlowieka dla okreslonej
czestotliwo$ci w nastepstwie stosowania wymuszonych me-
chanicznie wibracji w dluzszym okresie, co moze prowadzi¢
do uszkodzenia struktur (np. krwawienie przewodu pokar-
mowego). Wystepowanie zjawisk rezonansowych jest zalezne
od stosowanej czestotliwosci miedzy 5-16 Hz [9, 38], pozycji
wyj$ciowej pacjenta podczas stymulacji bodZcami wibracyj-
nymi i kierunku podawania drgan na cialo [38]. Stosowanie
drgan sinusoidalnie pionowych w pozycji stojacej prowadzi
do drgan rezonansowych, gdzie jako przyczyne okresla sie
funkcje przyspieszenia grawitacyjnego, jednakze moze dotyczy¢
réwniez drgan sinusoidalnie naprzemiennych [9].



PODSUMOWANIE

Stosowanie stymulacji bodZcami wibracyjnymi wplywa
korzystnie na ksztatltowanie zdolnosci motorycznych czto-
wieka, aczkolwiek moze spowodowa¢ utrate aktywnosci
odruchowej. Drgania stochastyczne majg pozytywny wptyw
na zmienno$¢ motoryki u pacjentéw neurologicznych, co
stwarza ogromny potencjal zwigkszenia skutecznosci pro-
gramu usprawniania z powodu mimowolnej aktywacji mie-
$niowej i wyuczenia optymalnie stopniowanych wzorcoéw
aktywacji migsniowej. Co wiecej, bodzce wibracyjne moga
umozliwi¢ poprawe proceséw koordynacyjnych w celu wy-
konania ptynnego, pewnego i w najkroétszym czasie ruchu
wymaganego podczas rywalizacji sportowej lub czynnosci
zycia codziennego.

Bodzce wibracyjne wydaja sie korzystnie wptywa¢ na
zdolnosci motoryczne, nie powodujac objawéw niepoza-
danych na stan zdrowia i powinny by¢ czeéciej stosowane
w fizjoterapii jako uzupelnienie w dzialaniu skojarzonym.

Omowione mechanizmy fizjologiczne reakcji motorycznych
w nastepstwie stosowania bodzcéw wibracyjnych nadal nie
s3 wystarczajaco wyjasnione lub naukowo udowodnione.

Wymagane s3 dalsze badania oceniajgce skuteczno$é
bodzcéw wibracyjnych na zdolnosci motoryczne czlowieka
z uwzglednieniem wiekszej liczby uczestnikow, oddziatywania
terapeutycznego w dluzszym okresie oraz systematycznych
przegladow literatury.
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VIOFOR - PIERWSZY, NIEFARMAKOLOGICZNY WYROB MEDYCZNY, i
O UDOKUMENTOWANYM KLINICZNIE WPLYWIE NA WZMOCNIENIE ODPORNOSCI

Mechanizm dziatania. Immunokorekcyjny wptyw nastepuje poprzez pobudzenie procesu grasiczozaleznego
dojrzewania limfocytéw T regulacyjnych i uzupelnienie niedoboréw tej populacji komérkowej w uktadzie odporno$ciowym,
a takze poprzez obnizenie st¢zenia czynnikéw prozapalnych (interleukina 1beta, IL-1p)
i wzrost czynnikéw przeciwzapalnych (interleukina 10, IL-10), poprawiajac obronng sprawnos¢ uktadu odpornoéciowego.
Czynnikiem terapeutycznym jest impulsowe pole magnetyczne niskiej czgstotliwoéci i niskiej indukcji,
o ksztalcie sygnalow tworzacych wielowierzchotkowe widmo czestotliwoéci w systemie JPS.
Tematem, ktory inspirowal wykonanie oceny klinicznej w zakresie dzialania wzmacniajacego uktad odpornosciowy
byly apele Ministra Zdrowia i Komisji Europejskiej (rok 2020) o zintensyfikowanie poszukiwan metod leczenia bezposredniego
lub po$redniego pacjentéw chorujacych na COVID-19.
W badaniach oceniono: « wptyw wolnozmiennego pola magnetycznego w zaburzen odpornosciowych u dzieci
z nawracajacymi infekcjami drég oddechowych; praca kliniczna « wplyw magnetostymulacji na immunokorekcyjne funkcje
ukladu odpornosciowego u pacjentdéw z oparzeniami termicznymi; praca kliniczna « badania in vitro - ocena aktywnosci
izolowanych z krwi limfocytéw T regulacyjnych oraz poziomu stezenia cytokin przeciwzapalnych i prozapalnych
» wplyw magnetostymulacji na proces wydzielania melatoniny.
Wiszystkie badania przeprowadzono z uzyciem wyrobu Viofor JPS System, produkcji Med & Life Sp. z o.o.
Badania prowadzono w réznych okresach czasowych. Oceniano wpltyw magnetostymulacji Viofor JPS
na immunoregulacyjne funkcje systemu odpornosciowego i ich wptyw na wartoéci parametréw immunologicznych.
Badania immunologiczne obejmowaly nastepujace parametry: stezenie cytokin prozapalnych, stezenie cytokin przeciwzapalnych
i immunoregulacyjnych, oraz parametry kompetencji immunologicznej limfocytow T
(liczbe i poziom aktywnosci limfocytéw T regulacyjnych), aktywno$¢ immunogenng monocytow
i wybranych cytokin, poziom melatoniny po zabiegach.
Oceniano réwniez czgsto$¢ i przebieg zachorowan, zapotrzebowanie na antybiotyki oraz poziom wydatkow na leki.
Wyniki: Viofor jest pierwszym, niefarmakologicznym wyrobem medycznym
o udokumentowanym klinicznie wptywie na wzmocnienie odpornosci.
Pole magnetyczne magnetostymulacji Viofor pobudza proces grasiczozaleznego dojrzewania limfocytow T, a takze wplywa na
obnizenie stezenia czynnikéw prozapalnych (interleukina 1beta, IL-1f) i wzrost czynnikéw przeciwzapalnych (interleukina 10,
IL-10), poprawiajac obronng sprawno$¢ uktadu odpornosciowego. Istotnym potwierdzeniem immunokorekcyjnego mechanizmu
magnetostymulacji Viofor JPS jest immunotropowe oddziatywanie nie tylko in vivo w odniesieniu do calego organizmu,
ale takze in vitro w odniesieniu do izolowanych z krwi komoérek odporno$ciowych. Pole magnetyczne magnetostymulacji
Viofor wywiera immuno-korekcyjny wplyw poprawiajac obronne funkcje systemu immunologicznego
i w ten sposob wspomagajac funkcjonowanie uktadu odpornosciowego.
Kluczowe znaczenie dla naturalnej odpornoéci ma proces wydzielania melatoniny, ktéra dziata immunomodulujgco,
wplywajac na produkcje cytokin, czy pobudzajac komérki immunokompetentne do wydzielania opioidéw.
Jej rolg¢ mozna poréwna¢ do ,,buforu immunologicznego”, ktéry pobudza procesy odpornosciowe, zwlaszcza
w stanach ich zaburzenia, np. w wyniku infekcji, immunosupresji, stresu czy zaawansowanego wieku, ale réwniez je hamuje
w przypadku nadmiernej aktywacji ukladu odporno$ciowego (co ma miejsce w cigzkich infekcjach Covid-19)).
Zabiegi magnetostymulacji Viofor JPS nie zaburzajg cyklow dobowych zwigzanych z nocnym wydzielaniem melatoniny.
W badaniach probek krwi zdrowych endokrynologiczne pacjentéw nie odnotowano zaburzen wydzielania melatoniny
w surowicy krwi.
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Tradycje Polskiego Towarzystwa Balneologii

Do $wistnego Prezydyum C/é/m ,Z,.,};’Zf;é

WydziaX Polskiego Towarzystwa Balneologicznsgo w Krakowise,

jako, komitet II-go Zjazdu,ma zaszczyt prosic¢ Swietne Towa-

rzystwo o wzieeie udziadu w drugim Zjezdzie balneologioznym i

o Yaskawe poparcie celow tegoz.

W zaXaczeniu przesyZa WydziaX odezwe komitetu.

Za Wydziak Polskiego Towarzystwa

Balnsologicznego w Krakowie.

/
POLSKIE TOWARZYSTWO BALNEOLOGICZNE

W KRAKOWIE.

e

TR TS g
N 'rj;zu” KRAKGWIE
Praes. 2.2 W/ %,

Treci polki Zaad alneologiczy, polaczony 2e Tjaudem tuystyccnym

urzadzony staraniom Polskiego Tow. Balneolagicznege i Krajowego Iwiazku dla popierania ruchu obeych.

PROGRAM:

1. 3-go maja o godz. 8 wieczir:

Zebranie towarzyskie celem wzajemnego poznania si¢

w sali Grand-Hotelu (ewentualnie wspélna kola-
cya — menu 3 K, bez trunkéw).

Il 4-go maja o godz. 9 rano:

Msza Sw. cicha w kociele $-go Mikolaja (ul. Ko-

pernika).
O godz. 10 rano:

Otwarcie Zjazdu i L posiedzenie (w sali Tow. lekar-

R as e

© ®

skiego, Radziwillowska 4) z nastgpujacym porza-
dkiem dziennym

. Zagajenie przez prezesa Komitetu gospodarczego

Zjazdu Dra Cerche, prezesa
i i posla Jana
Zwigzku turystycznego.
Przeméwienia delegatéw.
Wybér prezesow i sekretarzy Zjazdu.
Odezytanie listéw i telegraméw.
= duelaloode

Polskiego Tow. Bal-

F prezesa

III. 4-go maja o godz. 3 popol.:
Doc. Dr Seakowski (Krakéw): ,Analizy wéd
krajowych z uwzglednieniem jonizacyi i hydrolizy
skladnikéw*.
Dr Pelczar (Truskawiec): ,Dyetetyka w lecze-
niu choréb przemiany materyi

eryi®.
. Dr Beres (sekr. Izby handl, Krakéw): ,Zdro-

jownictwo w bilansie gospodarczym kraju®.

. Inzynier Suchanek (Oddzial ,Beskid“ w No-

wym Saczu): ,Zdrojowiska a turystyka w Beski-
dach zachodnich®.

. Dr Lang (Rabka): ,Z dziedziny leczenia zolzéw

u dzieci® (temat zastrzezony).
Akademicki zwiazek sportowy (temat zastrzeiony).
1V. 4-go maja o godz. 8 wieczor:
Bankiet w lokalu Hawelki (I. pigtro).
V. 5.g0 maja o godz. 9 rano:
Doc. Dr Latkowski (Krakéw): ,Z driedziny
A ;

Krétkie sp |
tnicj Tow. Balneologicznego (Dr Zanietowski,
sekr. Tow.).

. Prof. Dr Jaworski (Krakéw): ,Urzadzenia le-

cznicze w zdrojowiskach teraz i w przyszloci®.
Prof. Dr Marchlewski (Krakéw): ,Niektére
metody lecznicze w éwietle postepu chemii bio-
logicznej*.

M. Wisnicki (Polskic Tow. Krajoznawcze, War-
szawa): ,Wartosé spoleczna wycieczek po kraju®.
I Medrkiewicz (Esperangi Krél. Polskiego):
,Galicya pod wagledem turystycznym i balneolo-
gicznym®.

. Dr Zanietowski (Krakéw): ,Systemizacya po-
demniian e

i obeych®.

postepéw balneols

. Dr Szydlowski (Krakéw, Tow. opieki nad za-

bytkami kultury): ,Konserwacya zabytkéw prze-
szlodei.

. Dr Chlapowski (Poznaf) ,Alkoholizm w zdro-

jowiskach®,
DrMikotajski (Lwow): ,O deontologii lekarzy
zdrojowych®.

. Dr Aschkenazy (Lwéw): ,Stosunek lekarzy

zdrojowych do lekarzy w micécie®.

. Dr Lewicki (Krynica): ,Czy moina wydawaé

kapiele lecznicze w zdrojowiskach bez ordynacyi
lekarskiej ?*.

VI. 5-go maja o godz. 3 popol.:

. Dr Jasienski (Iwonicz): (Temat zastrzezony).

Przedstawiam informacje o zjazdach Polskiego
Towarzystwa Balneologicznego w latach 1909 i 1914,
W poszanowaniu tego co zrobito tamto pokolenie. Niech ich
dziatalno$¢ bedzie wzorem do nasladowania dla obecnych
i stuzy promocji balneologii i medycyny fizykalnej we wspot-
czesnej medycynie.

Stowa wdziecznosci i wiecznej pamieci dla oséb, ktore
tworzyly Polskie Towarzystwo Balneologiczne przed 115
laty.

prof. dr Wlodzistaw Kulitiski

24. Dr Aronsohn (Krynica):-, Sezony zimowe gdzie-
indziej i u nas*.

25, Dr Zanietowski (Krakéw): .Granice jonote-
rapii i balneoterapii®.

VIL. 5-go maja o godz. 8 wieczér:
Wspslny komers w lokalu Hawelki (I. pietro).

VIII. 6-go maja o godz. 9 rano:

Zwied

26. Krakowskic Tow. technicene (temat e iniasta.
27. Kiub cyklistéw i motorzystéw (Krakéw): (Temat
S ey 0 godz. 130 popol.:
28 Dr . May ol (LW6WT™50 waknsaniach da le- . yciecska do Widlicshi = punkt: sborny: dwo-
ala srojowegs chiocdb knhisoych w arojowis. ;i clgade 12 pol, (ewentunlric wapsiny
obiad taie)

skach krajowych®.

29. Dr J. Regec (Rymanéw): ,Leczenie zdrojowe
w walce z grudlica®.

30. Zamkniecie Zjazdu.

IX. 6-go maja wieczr:
Wspdlny wyjazd do Zakopanego (o godzinie 12
w nocy).

i UWAG] o A skusyi, w ktérej pojedyncze przeméwienie nie moze trwaé dlu-

- Posiedzenia Zjazdu odbywad sig beds w sali Tow. lekarskiego iej, jak 5 minut, zecheq P. T. Prelegenci dorgezaé sekretarya-
(dom Tow. lekarskiego, Radziwillowska 4). towi Tow. balneologicznego.

2. Komitet gospodarczy zastrzega sobie ewentualne zmisny wpro- 4. Zgloszenia uczestnictwa w Zjeidzic wraz z wkiadky 10 kor.

nadsylaé nalezy do biura Zjazdu (Zwinzek turystyczny, Krakiw,

gramie.
3. Rekopisy odczytéw lub ich streszczenia oraz streszczenie dy- Szpitalna 36); tamie informacye co do mieszkan i wycieczek.

Komitet gospodarczy Zjazdu uprasza goraco: P. T. Zarzady zdrojowe, lekarzy zdrojowych, prase i wszystkich,
ktérym dobro zdrojownictwa lezy na sercu o jak najliczniejszy udziat w Zjeidzie i popieranie usitowan Komitetu
i celow Zjazdu.

Nakladem Polskiego Tow. Balneologicznego. Czcionkami Drukarni Ludowej w Krakowie.
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. “Acta Balneologica” is a quarterly Journal. Original studies,
review papers as well as case reports are published.

. The publication of the manuscript in “Acta Balneologica” is
paid. The cost of publishing the manuscript is PLN 750,00
plus 23% VAT (for foreign authors: 150€). If the first author of
the manuscript is a member of the Editorial Board or a team
of journal reviewers, we do not charge a fee for printing the
manuscript, and if she or he is the next co-author - the fee is
PLN 500,00 plus 23% VAT. The publisher issues invoices. The
fee should be paid after receiving positive reviews, and before
publishing the manuscript.

. Articlesin English are preferred. The editors can help in finding
the right person for translation or proofreading.

. Papers should be sent to the editor via the editorial panel
(Editorial System), available on the journal’s website at https://
www.actabalneologica.eu. In order to submit an article, free
registration in the system is necessary. After registration, the author
should follow the instructions on the computer screen.

. All editorial work is under control and using the editorial panel.
This applies in particular to sending manuscripts, correspondence
between the editor and author and the review process. In special
cases, the editor may agree to contact outside the panel, especially
in case of technical problems.

. Acceptable formats for individual elements of the article are
as follows:

A) Content of the article — doc, docx, rtf, odt.

B) Tables - doc, docx, rtf, odt

C) Figures — JPG, GIF, TIF, PNG with a resolution of at least
300 dpi

D) Captions for figures and tables.

These elements are sent to the editor separately using the editorial
panel. References and article metadata such as titles,
keywords, abstracts etc. are supplemented by the author
manually in the editorial panel in appropriate places.

. The volume of original papers - including figures and references
- must not exceed 21 600 characters (12 pages of typescript),
and review papers - up to 28 800 characters (16 pages).

. The original manuscript should have the following structure:

Introduction, Aims, Material and methods, Results, Discussion and

Conclusions which cannot be a summary of the manuscript.

When using abbreviations, it is necessary to provide the full

wording at the first time they are used.

0. In experimental manuscripts in which studies on humans
or animals have been carried out, as well as in clinical
studies, information about obtaining the consent of the Ethics
Committee should be included.

1. The Editorial Board follow the principles contained in the Helsinki
Declaration as well as in the Interdisciplinary Principles and
Guidelines for the Use of Animals in Research, Testing and
Education, published by the New York Academy of Sciences
Ad Hoc Committee on Animal Research. All papers relating
to animals or humans must comply with ethical principles
set out by the Ethics Committee.

2. The abstract should contain 150-250 words. Abstracts of original,
both clinical and experimental, papers should have the following
structure: Aims, Material and methods, Results, Conclusions.
Do not use abbreviations in the title or the abstract. The
abstract is pasted or rewritten by the authors into the appropriate
field in the application form in the editorial panel.

3. Keywords (3-5) should be given according to MeSH (Medical
Subject Headings Index Medicus catalogs: http://www.nim.
nih.gov.mesh/MBrower.html). Keywords cannot be a repetition
of the title of the manuscript.

4. lllustrative material may be black and white or color photographs,
clearly contrasting or drawings carefully made on a white
background. With the exception of selected issues, the Journal
is printed in shades of gray (black and white illustrations).

5. The content of the figures, if present (e.g. on the charts), should
also be in English.

6. Links to all tables and figures (round brackets) as well as
references (square brackets) the author must place in the
text of the article.

7. Only references to which the author refers in the text should
beincluded in the list of references ordered by citation. There
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should be no more than 30 items in original papers and no
more than 40 items in review papers. Each item should contain:
last names of all authors, first letters of first names, the title of
the manuscript, the abbreviation of the journal title (according
to Index Medicus), year, number, start and end page. For book
items, please provide: author’s (authors’) last name, first letter
of the first name, chapter title, book title, publisher, place and
year of publication. Itis allowed to cite websites with the URL
and date of use of the article, and if possible the last names
of the authors. Each literature item should have a reference
in the text of the manuscript placed in square brackets, e.g.
[1], [3-6]. Items should be organized as presented in Annex
1 to these Regulations.
When submitting the article to the editor, the author encloses
a statement signed by all authors, in which they confirm that
the work was not published or submitted for publication in
another journal and that they take full responsibility for its
content. The statement must provide any information that
may indicate a conflict of interest, such as:
1. Financial dependencies (employment, paid expertise,
consulting, ownership of shares, fees).
2. Personal dependencies.
3. Academic and other competition that may affect the
substantive side of the work
4. Aponsorship of all or part of the research at the stage of
design, collection, analysis and interpretation of data, or
report writing. This statement can be downloaded from the
editorial panel.
The authors in the editorial panel define their contribution
to the formation of scientific work according to the following
key:
A -Work concept and design, B — Data collection and analysis,
C - Responsibility for statistical analysis, D - Writing the article,
E - Critical review, F - Final approval of the article.

. In the editorial panel along with the affiliation, the author

also gives her or his ORCID number.

. The Journal is reviewed in double, blind review mode. The submitted

papers are evaluated by two independent reviewers and then
qualified for publishing by the Editor-in-Chief. Reviews are
anonymous. The authors receive critical reviews with a request
to correct the manuscript or with a decision not to qualify it for
publishing. The procedure for reviewing articles is in line with the
recommendations of the Ministry of Science and Higher Education
contained in the paper“Good practices in review proceduresin
science” (Warsaw 2011). Detailed rules for dealing with improper
publishing practices are in line with COPE guidelines. The publishing
review rules are in the Review Rules section.

Each manuscript is subject to verification in the anti-plagiarism
system.

Manuscripts are sent for the author’s approval. The author’s
corrections should be sent within the time limit indicated in the
system. No response within the given deadline is tantamount
to the author’s acceptance of the submitted material. In special
cases, it is possible to set dates individually.

Acceptance of the manuscript for publishing means the transfer
of copyright to the Aluna Publishing House (Aluna Anna
tuczynska, NIP 5251624918).

. Articles published on-line and available in open access

are published under Creative Common Attribution-Non
Commercial-No Derivatives 4.0 International (CC BY-NC-
ND 4.0) allowing to download articles and share them with
others as long as they credit the authors and the publisher, but
without permission to change them in any way or use them
commercially.

The authors receive a free PDF of the issue in which their
mansucript is enclosed, and on request - a printed copy. The
printed copy is sent to the address indicated by the authors
as the correspondence address.

.Manuscripts not concordant with the above instructions will

be returned to be corrected.
The editors do not return papers which have not been
commissioned.

. The editors take no responsibility for the contents of the
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